® 



Europaisches Pstsntamt 
European Patent Office 
Office europeen das brevets 




(Ti) Pubtication number : 0 431 943 A2 



EUROPEAN PATENT APPLICATION 



@ Application number : 90313262.9 
@ Date of filing : 06.12.30 



© int ci. 5 : C07D 491/10, C07D 491/20, 
C07D 471/10, C07D 495/10, 
C07D 495/20, A61K 31/445, 
//(C07D491/10, 311:00, 
221:00), (C07D491/20, 
311:00, 235:00, 221:00), 
(C07D471/10. 221:00, 
209:00), (C07D471/10. 
221:00, 221:00), 
(C07D495/10, 339:00, 
221:00), (C07D491/10, 
307:00, 221:00), C07D471:10 



® 
® 



Priority : 08.12.89 US 447950 

16.11.90 US 612091 

Date of publication of application : 

12.06.91 Bulletin 91/24 



Designated Contracting States : 

AT BE CH DE DK ES FR GB GR IT LI LU NL SE 

Applicant: MERCK & CO. INC. 

126, East Lincoln Avenue P.O. Box 2000 

Rahway New Jersey 07065-0900 (US) 



i inventor : Baldwin, John J. 
621 Gypsy Hll Cirde 
Gwynedd Valley, PA 19437 (US) 



inventor : daremon, David A. 
809 Mockingbird Lane 
Audubon, PA 19403 (US) 
Inventor : Elliott, Jason M. 
74 Ramsgate Court 
Blue Bell, PA 19422 (US) 
Inventor: Pontteetlo, Gerald & 
2045 Spring Valley Road 
Lansdale, PA 19446 (US) 
Inventor : Remy, David C 
607 Jenkins Lane MR1 
North Wales, PA 19454 (US) 
Inventor : Selniek, Harold G. 
1232 Lois Road 
Ambler, PA 19002 (US) 

@ Representative : Hesketh, Alan, Dr. et a! 
European Patent Department Merck & Co., 
Inc. Terlings Park Eastwick Road 
Harlow Essex, CM20 2QR (GB) 



CO 



CO 



@ Nitrogen-containing spiro cycles. 

(§) Spirocydes of general structural formula 



^—-N-R-M 



or 




Q. 

UJ 



are Class III antiarrhythmic agents. 

Jouve, 18, rue Saint-Denis, 75001 PARIS 



EP 0 431 943 A2 
NITROGEN-CONTAINING SPIROCYCLES 



SUMMARY OF THE INVENTION 

This invention is concerned with novel spirocycies of general structural formula : 



R — M 
I 
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which are Class III antiarrhythmic agents, and positive inotropic or cardiotonic agents, wherein As* is a car- 
bocydic or heterocyclic group, M is a carbocydic or heterocyclic group, or a functional group, R is a bridging 
20 group and X, Y and Z are independently a carbon or a heteroatom. 

The invention is also concerned with pharmaceutical formulations comprising one or more of the novel com- 
pounds as active ingredient, either alone or in combination with one or more of a Class I, Class II or Class IV 
antiarrhythmic agent 

The invention is also concerned with a method of treatment of arrhythmia and impaired cardiac pump funo- 
25 tions with the above-described novel compounds and formulations thereof. 

The invention is further concerned with processes for preparing the novel compounds. 

BACKGROUND OF THE INVENTION 

30 Arrhythmias often occur as complications to cardiac diseases such as myocardial infarction and heart fail- 
ure. In a serious case, arrhythmias give rise to a ventricular fibrillation and can cause sudden death. 

Though various antianythmic agents are now available on the market, those, having both satisfactory 
effects and high safety, have not been obtained. For example, antianythmic agents of Class I according to the 
classification of Vaughan-Wflliams which cause a selective inhibition of the maximum velocity of the upstroke 

35 of the action potential (Vmax) are inadequate for preventing ventricular fibrillation. In addition, they have prob- 
lems regarding safety, namely, they cause a depression of the myocardial contractility and have a tendency 
to induce anythmias due to an inhibition of the impulse conduction. Beta-adrenoceptor blockers and calcium 
antagonists which belong to Class II and IV respectively, have a defect that their effects are either limited to a 
certain type of arrhythmia or are contraindicated because of their cardiac depressant properties in certain 

40 patients with cardiovascular disease. Their safety, however, is higher than that of the antiarrhythmic agents of 
Class I. 

Antiarrythmic agents of Gass III are drugs which cause a selective prolongation of the duration of the action 
potential without a significant depression of the Vmax. Drugs in this class are limited. Examples such as sotalol 
and amiodarone have been shown to possess Class III properties. Sotalol also possesses Class II effects which 
45 may cause cardiac depression and be contraindicated in certain susceptible patients. Also, amiodarone is sev* 
eriy limited by side effects. Drugs of this class are expected to be effective in preventing ventricular fibrillations. 
Pure Class III agents, by definition, are not considered to cause myocardial depression or an induction of 
arrhythmias due to the inhibition of the action potential conduction as seen with Class I antianli^btnkxagenta. - _ 

A number of antiarrhythmic agents have been reported in the literature, such as those disclosed In : 
50 (t) EP 397,121-A, (2) EP 300,908-A, (3) EP 307,121, 

(4) US 4,629,739, (5) US 4,544,654, (6) US 4,788,196, 

(7) EP application 88302597.5, 

(8) EP application 88302598.3, 

(9) EP application 88302270.9, 
55 (10) EP application 88302600.7, 

(11) EP application 88302599.1, 
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(12) EP appBcation 88300962.3, 

(13) EP application 235,752, 

(14) DE 3833977-A1, 

(15) US 4,804,662, 

(16) US 4,797,401, 

(17) US 4,806,555, 

(18) US 4,806,536. 

Compounds of similar structure are found in Japanese patent publication 88-63533-B of Daiichi Phar- 
maceutical Co. ; J.Med.Chem, 19, 1315 (1976) by Bauer eta! ; lorio etal in 11. Farmaco-Ed ScL, 32, 212-219 
(1977) : Houlihan et al, U.S. Patent 3,686,186 ; Davis et al, U.S. Patent 4,420,485 ; Kealey, U.S. Patent 
4,810,792 ; Parham et al. J. Org. Chem, 41, 2629 (1976). None of the compounds disclosed in the foregoing 
references are alleged to have antiarrhythmic activity. 

Now with the present invention, there is provided a new use as antiarrhythmic agent for many of these 
known compounds and a group of new compounds of similar structure with an increased degree of activity. 

DETAILED DESCRIPTION OF THE INVENTION 

The novel compound of this invention has structural formula : 



x N-R-M 
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or a pharmaceutical^ acceptable salt thereof, wherein Ar 1 is an aromatic ring selected from 
3S 1)benzo, 

2) thieno, 

3) furo, and 

4) pyrido ; 

the ring system comprising X, Y and Z is a 5-, 6- or 7- membered ring system wherein X Y and Z are 
40 independently 

— O— , OO. CHOR 5 . — NR e — , CHNR 7 R a , — S(0) n — ONOR 9 , — {CR'R 5 )*—, =CH-, =N— , or a bond, 
wherein : 

R 4 and R 5 are independently 
a) hydrogen, or 
45 b) Chalky! ; 
R°is 

a) hydrogen, 

b) Cv^alkyl, 

c) (CHJ^UrR". 
so wherein R t0 is 

iOCt^aikyl, 
ill) — O-Ct^alkyl, 
W) halo, 
55 v)— CF^or 
vi) hydrogen, 

d) — CO-d^Ikyl, or 

e) -CO-CelVR 10 ; 

3 
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R 7 and R 8 are independently 

a) hydrogen, 

b) Cv^alkyl, unsubstituted or substituted with 
-(CR^R^CR*!^)^", 

5 wherein g is 1-5, and R 11 is 

i) hydrogen, 
el) — OH, or 

ifi) — OC^alkyl, 

c) — CO-^^alky), unsubstituted or substituted with 
w i) — OH, 

ii) — N(R4R5) ( 

iil) — OC^alkyi, or 
iv)— C0 2 R 5 , 

d) — CO^eHrR 10 ,or 

is e) R 7 and R 8 taken together with the nitrogen atom to which they are attached represent a 5 or 6 mem- 
bered saturated heterocyclic ring, unsubstituted or substituted with oxygen or hydroxy, which may con- 
tain an additional heteroatom selected from N, S(0) n or O, such as pyrrolidine, morphofine, piperidine, 
pyrrolidlnone, piperidinone, piperazine or N-methylpiperazine ; 
R*is 

20 a) hydrogen, or 

b) Cf^alkyi, unsubstituted or substituted with — COOR 5 ; 
n is 0, 1 or 2 ; 

with the proviso that in Structure I, if X or Y is a heteroatom, the other of the two is a carbon atom ; and that in 
Structure ll, if Y is a heteroatom, both X and Z are carbon atoms ; if X Is a heteroatom Y is not ; and if Z is a 
25 heteroatom Y is not, i.e. X, Y and Z must be selected so that there are not two adjacent heteroatoms ; 
Mis 

1) — H, 

2) — OH, 

3) -0(C^aIkyi), 
30 4)— CN, 

5) — NHSQA^aDcyl, 

6) — COOH, 

7) — COOC^aikyl, 

8) — CONR 12 R 13 , wherein R 12 and R 13 are independently 
35 a) hydrogen, 

b) Ci^alkyl, or 

c) R 12 and R 13 taken together with the nitrogen atom to which they are attached represent a 5 or 6 
membered saturated heterocyclic ring which may contain an additional heteroatom selected from N, 
S(0) n or O, such as pyrrolidine, morpholine, piperidine, piperazine or N-methylpiperazine, 

40 g)_ NRt2 R 13 

10) halo, 

12) Cs^cydoalkane, 

13) Cs^cycloalkene, or 
14) 




wherein s is 1-3 and the R 3 groups may be the same or different ; 
Ris 

-(CR 4 R s ) m -Q-(CR 4 R 5 ) <f —, wherein 

R 4 and R 5 are as defined above, 
55 m and q are independently 0-5, 

Q tea bond, —O—, C=0, CHOH, N-R 5 or— S(0)rt— , 

wfth the provis that if Q is —O—, N-R 5 or— S(0),r-. m is other than 0 or 1 , and the further proviso 
that if Q is— O— , N-R 5 or— S(0),r- v and M is any functional group connected through a 
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heteroatom, q is other than 0 or 1 ; 
Ri, R? and R s am (nd pendentfy selected from : 
1) hydrogen, 

. 2) C w aikyl, either unsubstftuted or substituted wfth 
5 a) — NR*R 5 , wherein R* and R s are as defined above, 

b ) _ N(RS)C#Cv«aIkyl, 

c) — NHSOrfCi^alkyT), 

d) — C0NR 12 R 1S , wherein R 12 and R 13 are as defined above, 

e) _ CO(Cv«aIkyl), 
10 f) — OH, 

g) — O(C^alkyi), 

h) ^(C^kyiKHC^alkyl), 

O-StOWC^kyO, 
j) imidazole, 
*5 k) 2-imidazolidinone, 

I) 2-pyrrofidinone, 
m)— NH-C(NHR 5 )=N-CN, or 
n)— NH-C(SR5)=N-CN, 
3)— OH, 

20 4) alkoxy, either unsubstituted or substituted with C« alkoxy, 

5) — NCRSJSO^d^alkyO, 

6) — NCR^O^CHJgCOiH, 

7) — N^SO^CHJoCOjCvealkyi, 

8) — NO* 

25 9) — NCRSJCOC^kyl, 
1 0) — N(R^O^CyVR*, 
Hj—N^CO-CeHrR*. 

12) — NR 4 R 5 , 

13) halo, 

30 14) — CO-Ct^alkyl. 

15) — CONR 12 R« 

16) — CN, 

17) — COfcR 5 , 

18) — C(R5)=N-OR 9 , 

35 1 9) benzoyl, either unsubstituted or substituted wfth Cv^aJkyl, C^koxy, halo, or hydroxy, 

20) — N(R5)COO(Cve3Jkyl) ( 

21) — N(R5)COO-phenyi either unsubstituted or substituted with C^kyi, C^koxy, hydroxy or halo, 

22) — N(R5)CONR*R 5 , 

23) — S^nC^alkyl, 
40 24)_S{0) fl -C 6 H4-R* I 

25) — CF* 

26) phenyl, either unsubstituted or substituted with C^alkyl, C^aikoxy, halo or hydroxy, 

27) imidazolyl, 

28) — S02NR 12 R« 

45 29) — NIStOhCt^alkylKOypCN], wherein p is 2-5, 

30) — M(R5)-C(NR^5)=N-CN, 

31) _N(R5)-C{SR 5 )=N-CN, or 

R 1 and R 2 on adjacent carbon atoms taken together with the Ar 1 to which they are attached represent : 
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co. co» bO' 

B is a ring of 5 to 8 members ; and 

Ar 2 is a single or fused ling carbocyclic or heterocyclic ring system containing up to 4 hetsroatoms such 
mono- or bicyclic system selected from : 

1) benzene, 

2) pyridine, 

3) benzofuran, 

4) qufnoline, 

5) benzofurazan, 

6) benzofurazan-N-oxide, 

7) benzimidazole, 

8) Indole, 

9) indollne, 

10) benzothiafurazan, 

11) benzothiafurazan-N-oxide, 

1 2) 1 ,3-dIhydro-2,1 ,3-benzothladiazoIe, 

13) 1 v 3^ihydro-2,1,3-benzothtadiazole-2^-diQxide l 

14) 1 ,3-d ihydro-2H-benzimldazole-2-one, 

15) 2,1-benzisoxazole, 

16) quinoxaline, 

1 7) 1 ,2-benzisoxazole, 

18) indane, 

19) tetralin, 

20) benzocycloheptane, 

21) benzodioxane, 

22) 1,3-benzodioxde, 

23) imidazole, 

24) naphthalene, 

25) benzocydobutane, 

26) thtophene, 

27) thiazole, 

28) phthalimide, 

29) pyrimidine, 

30) imidazolidin-2-one, 

31) furan, 

32) pyridlne-N-oxide, 

33) pyrid ne, 

34) IndoIin-2-one, 

35) tetrazolopyridine, 



EP0431943 A2 



36) 2 v 3-dlhydrobenz0furan t 

37) b nzomorpholln , 

38) isoquinoline, 

39) pyrtmidlndione, 

40) N,hW(C^alkyl)pynmidindiane, 

40) benzothiophene, 

41) pyrazine, and 

42) pyridazine ; 

with the proviso that if Ar* is benzo, and R 1 and R 2 are hydrogen, hydroxyaOcyl or alkoxy, then M is other than 
unsubstituted phenyl or hydrogen. 

In a preferred embodiment of the novel compound Ar 1 is benzo or thieno, especially benzo substituted with 
an electron wfthdrawing group such as nitro or methanes uffbnam Ida 

In a particular It is preferred that R 1 and R 2 are Independently selected from ; 

a) — NO* 

b) — NHSO^C^alkyi), 

c) — SQztCveafkyl), 

d) — NHSQrCeH*^, 

e) — SQrCeHi-R^ 

f) hydrogen, or 

ri and R 2 taken together with the Ar 1 group to which they are attached represent : 




O 



to. - 




It is also preferred that the spirocycle B is spiro-piperfdine, especially wherein the nitrogen atom is In the 
3'. or 4'- position, and more especially in the 4'- position. 

It is also preferred that R is a bond, or aikyl, unsubstituted or substituted with hydroxy! ; and 
Mis: 

a) — OH, 

b) — CN.or 

c) -<Ar*HR^ 
wherein Ar 2 is : 

i) benzene, 
fi) pyridine, 
Hi) benzofurazan, 
Iv) tetralin, 

v) thiophene, 

vi) furan, or 

vil) 2,3-dihydrobenzofuran, 
and wherein s is 1 or 2, and R* is : 
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t) hydrogen, 

0) Cv© alkyl, either unsubstftuted or substituted with 

A) — OH, or 

B) — NR*R 5 , wherein R 4 and R s are hydrogen or alkyi, 
Hi)— OH, 

hf) afkoxy, either unsubstftuted or substituted with C*-3 alkoxy, 

v) — N(R5)S0 2 (C^6aIkyI), 

vi) — NO* 

vii) _N(R5)COCt^alkyl. 
viiO—NCRSJCOOCC^kyl). 
be) halo, 

x) — CO-C^aikyl, 

xi) -CONR4R6 ( 

xii) — CH=N-OR*. 
xiil) — CN t or 

xiv) — ^O^C^aJkyi, wherein n is 0-2. 

It is more preferred that — R-M be n-hexyl ; unsubstftuted or substituted with hydroxy or cyano, or that M 
be ArZR 3 , wherein Ar*R 3 is phenyl, 4-fluorophenyl, 4-cyanophenyi, benzofurazanyl, 2- or 4-pyridyi, 4-methoxy- 
phenyl, 4-ch!orophenyl, 3,4-methylenedtoxyphenyt, 4-suJfamoylphenyl 4-methanesulfbnamidophenyl, 
cyanotetralin or 2-methyl-6-pyridyi l especially benzofurazanyl, phenyl, 4-fiuorophenyf, tetraIln-2-yl, 6-cyano- 
tetralin-2-yl or 4-cyanophenyl. 

In the cyclic moiety comprising X, Y and Z preferred structures are as follows : 





CO) a 




(0)„ 




(0) n 



where W is C=0, CH 2l CHOH, C=NOR 9 , or CHNR 7 R* and R*, R s , R 6 , R 7 , R 8 , R? and n era as defined above. 
It is even more preferred that the cyclic moiety comprising X, Y and Z is : 
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JQ. X). jdf . 

It is further preferred that the cyclic moiethy comprising X,Y, and 2 is : 
o N-otf IsJ- Cl . 4 alkyl 

OH 

It is most preferred that the cyclic moiety comprising X. Y and Z is : 
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Preferred compounds include : 

3,4-dihydro-1 4(6-cyano-1 ^3,4-tetrahydronaphthalene)-2-yn-6-metr^ 
an-2,4'-piperidineJ-4-one ; 

3,4^ihydro-14(6^arK)»1 l 2 f 3 l 44etrahydronaph 
opyran-2,4'-piperidineJ-4-ol ; 

3,4^ihydro-VH[(6-cyano-1^3,4-tetrahydronaphth^ 
opyran-2,4 r -piperidine] ; 

H(5,6J,8-tetahydro-2^aptrthaIenec 
ano[2,3-fJbenzimidazole] ; 

H(5 f 6J,8-tetrahydro-2^aphthalenecarbor^ 
v 6'(VH)-pyranoI2,3-f]benzimidazole] ; 

3,4^ihydro-1'^^benzofurazarv5-yi)ett^ 
ine]-4-ol ; 

3 f 4^ihydro^methyl-64nethan 
piperidlneJ-4-ol ; 

3,4^Ihydro-V^^4-cyanophenyl)ethyQ-6Hrndth^ 
piperidineH-one ; 

6-methanesuIforamhjo-1 Miexyl^ 

3,4Kiihydro-3-methyW^*neth^ 
piperidineJ-4-one ; 

methanesulfcnamide, N-{1'-{6-cyano-1 A3 t 44etrahydro-2-naphthalenyt)-3 t 4-dihydro-4^ 
ben2opyran-2 t 4'-piperidin]-6-yi]- ; 

cis or trans- 3,4-dihydn>-1 4(&^yano-1 ^S^tetrahydro-l^ydroxy^aphthalene^-yll-S-rnethanesul- 
fo namido-«piro[(2H)-1 -benzopyran-2 t 4'-piperidine]-4-one ; 

4-acetamtdo-3,4-dihydro-1 '-[(6-cyancM £,3A4etrahydronaphtha!ene)-2-y1]-6HTie^ 
[(2H)-1-ben20pyran-2,4'-piperidlne] ; 

3,4^itiydro-1'-[(6KyarK>1,2 1 3 l 44etrahydronaphthal 
an-2,4'-piperidineH-o! ; 

3,4-d foydro-1 '-[(6-cyano-1 A3 ( 4^trahydronaphthalene)-2-^^ 
an-2 t 4'-piperidlne] ; 

1^4^nopher^etr^7'3'^irr/dro^'^^ 

1^4^anophenyl)etr^2' ( 3\7 , l 8'^trahyu^ 
imidazole ; 

3 t 4-dihydro-1 42^4-cyanophenyl)etriyf]-6^ -benzopyrarv^'-piperidineH- 
one ; 

3,4^ihydro-1'-hexyl-6^ethanesd 

3,4Mdihydro-1'-hexyW6HTiethanesdfOT ; 

14iexyl-2\3^8^tetrariydr^^^ H}-pyrano[2>f]benzimidazole] ; 

3/Wfliydra-1S2^benzofurazan^y0et^ 
neJ-4-one ; 

3,4KJihydro-1'-p^benzofura^ 
in J; 

7\8'^ihydro-14iexyW'^aspiro[pip^ 

10 
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3^foydro-1'^ydraxyhepty^ 5 
3^ihydio-14WTydraxyhexyl)-^^ 

or 

3,4-dfliydn>-1 ^hepty1-6*nethanesitonan^o*pirtf^ • 
3^dihydro-14^(4-acetylpheny^ 
]4-one; 

3,4^lihydro-1'-hexyl-6-methanesulfo 

1^(5,6,7,8-tetrahydrc-2-naphthaIenec^ 
-pyrano[2,3-f]benzimidazole] ; 

1^J.8-tetrahydro-2-naphtoaIenecart>onitrile)^ -2\3\^8'-tetahyci^^ 
rotplperWine^.eXI'HVpyranoRS-flbenzaTiidazoIe] ; 

H(5,6,7,8-tetrahydir>-2-naphfoaleneca^ 
-flbenzimidazole] ; 

H(5A7 f «Btahydio-2^ 
Hjyranop.a-flbertzimWazoie] ; 

4-ecetamkic-3,4^ihydro-14(6-cv^ 
H)-1-benzopyran-2,4'-ptperidine] ; 

cis or trans* .4^ihy^14(6-cya^ 
spir^pH)-1-benzopyran-2 1 4'-plperidine] ; 

3^Ihydi^14(6^ano-1^3,4-tetrahy^ 
H)-1-benzopyran-2,4'-piperidine}4-one ; 

3 l 4Hiihydro-14(6H^ano-1,2,3,44etra^ 
benzopyran-2,4'-piperidineH-one ; 

cfe or trans^,4^hydro-14(6^ 
fonamido^pIroI(2H)-1^n20pyran-2^'S)iperidM ; 

and pharmaceutically acceptable salts thereof. 

The term "alkyl", ff the numberof carbons is unspecified, means d^alkyl and "alky!" of three or more carbon 
atoms includes straight chain, branched chain and cycloalkyl. 

Also included within the scope of the present invention are the non-toxic pharmaceutically acceptable salts 
of the novel compounds. Acid addition salts are formed by mixing a solution of the compound with a solution 
of a pharmaceutically acceptable non-toxic acid such as hydrochloric acid, fumaric acid, malelc acid, succinic 
acid, acetic acid, citric acid, tartaric acid, phosphoric acid, or the like. Also Included within the scope of this 
invention are N-oxides and Chalky! quaternary ammonium salts. 

Also included within the scope of this invention are diastereomers and enantiomers of the novel compounds 
and mixtures thereof. In particular if the two bridging groups joining the spiro carbon with the nitrogen of Bare 
not identical, such as in a spiro-3-piperidine, chirality is introduced and the racemate and both enantiomers 
thereof are embraced within the scope of this invention. 

Nomenclature utilized herein is intended to unambiguously identify specific chemical entities. However, 
there may be more than one way to refer to a particular compound. For example, the compound : 



CH 3 S0 2 NK 5 




may be named as : . 

3,4-dihydro-1 '^^enzcftrazan-^ 
dine}-4-cne hydrochloride and also named as : 

|NH1'-PK5-benzofuranzan 
nesulfonamide, monohydrochloride. 

Both methods of nomenclature have been utilized herein. 

11 
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Th novel processes of this Invention can be exemplified by the following Reaction Schemes : 
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The process of Scheme i comprises addition of the piperidine across the vinyl group by heating a mixture 
of 1 part of the piperidine compound with about 1-2 parts of the vinyl compound in an aqueous lower afkanol 
such as methanol or ethanol in the presence of 1-2 parts of sodium or potassium acetate for about 2-20 hours 

20 at about reflux temperature. 

Reaction Scheme II comprises N-alkylation of the piperidine with a slight excess of the phenalkyl alkylating 
agent Although the leaving group exemplified is bromo, equivalent leaving groups are chloro, mesyl, tosyl, or 
the like. The two reagents are stirred at about 15°C to about reflux temperature in a suitable solvent, preferably 
one in which the reagents are soluble such as a lower alkanol, such as acetonitrfle, methanol, ethanol or pro- 

25 panol in the presence of an acid scavenger such as sodium or potassium bicarbonate or carbonate, an organic 
amine or an appropriate ion exchange resin for about 10 to 40 hours. 




40 Reaction Scheme III depicts alterations of substituents such as sutfonytation with an dkanesutfonyl 
chloride by standard procedures. 

Reaction Scheme IV is reduction of a dihydrothiopyranone carbonyl with a complex metal hydride such as 
sodium borohydride in methanol, lithium aluminum hydride in THF or dWsobutylaluminum hydride in THF at 
about room temperature. 

45 



so 
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OH 




Reaction Scheme V demonstrates dehydration to provide compounds unsaturated In the 3,4-position and 
proceeds at about room temperature in an ethereal solvent such as THF over a period of about 1 0 to 20 hours 
under the influence of dOute strong acid. 

Reaction Scheme VI shows preparation of sulfoxides which proceeds readily with sodium metaperiodate 
in aqueous solution at about room temperature ova- a period of about 2 to 10 hours. 

O ° 

Reaction Scheme VII depicts the oxidation to the sulfone under the influence of Oxone® (potassium 
peroxymonosuJfate) in aqueous solution at about 5° to 30°C over a period of about 2 to 8 hours. 



CR* s H or Ct. 9 olkyl) 



1) HNO,. K2S0 4 

2) ^j/Eanoy-Nl 

3) CH3SOaCl 

pyridine, CI^CI^ 



Reaction Scheme VIII fllustrates the preparation of compounds bearing a substituent on the benopyranone 
by condensation of an ortho^ydroxyacetophenone with 1-acetyM-pipertdone in the presence of pyrrolidine in 
methanol at or near solvent reflux temperature for a period of about 1 to 14 days. Reaction Scheme VIII further 
ilustrates the incorporation of substitutents on th aromatic rings. Nitration with nitric acid, catalytic reduction 
of the nitro group with hydrogen and Raney-Nicfcel catalyst m acetic acid (or by standard procedures) gives 
the amine which may be sutfbnylated with an aOcansuffbnyl chloride by standard procedures. The acetamide 
may be cleaved by treatment with hydrochloric acid in methanol at r near solvent reflux temperature for about 
2 to 10 hours. The 4-piperidinyl compound so obtained may be utilized for th processs of Reaction Scheme 
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I or II. 




As shown in Reaction Scheme IX 2-oxoinddines may be sequentially alkylated with (2-bromoethyl)-N-car- 
bethoxyethanamine as a solution in N,N-dimethyt fbimamide fei the presence of sodium hydride. The resultant 
1-ethoxycarbonyi-piperidinyl compound is reacted under the procedures of Reaction Scheme Vlll followed by 
the procedures of Reaction Scheme I or II. 




Also, as shown in Reaction Scheme X, the carbonyl of the 2-oxoindoJtne may be reduced by treatment with 
a hydride reducing agent, such as lithium aluminum hydride in tetrahydrafuran. The resultant pipeiidinyl com- 
pound is then reacted under the procedures of Reaction Scheme I or II. 




Reaction Scheme XI illustrates the preparation of oximes of th ketone on the benzopyranone ring. Treat- 
ment of the ketone with hydroxy) amine hydrochloride or methylamine hydrochloride in N t N-dimethyifbrmam$de 
in the presence of pyridine gives the corresponding hydrexyTmrune, or methoxylimine, respectively. 



EP0431S43A2 




Reaction Scheme XII depicts the preparation of N-substituted dihydit»pirobenzopyran-3 f 3'-piperidine 
starting from an appropriately N-substituted ethyl nipecotate. Formation of the enolate by treatment with a 
strong non-nucleophilic base, such as Ifthium diisopropyiamide or lithium bis(trimethylsiiyi)amide is followed 
by alkylation with a 2-fluorobenzyl hallde. The ester is reduced with a hydride reducing agent, such as lithium 
aluminum hydride and the resultant alcohol is cyclized by treatment with sodium hydride to give the dihydros- 
pirobertzopyran-3 f 3'-piperidine. 

The novel compounds of the present invention, have the pharmacological properties required for the anti- 
arrhythmic agents of Class III, namely the prolongation of the myocardial action potential in vitro, without a sig- 
nificant depression of the Vmax, and the prolongation of QTo-interval in anesthetized dogs. 

In addition those compounds wherein R 3 represents hydrogen, when M is Ar* and Ai* is phenyl, Ar 1 is benzo 
and R 1 and R 2 are independently hydrogen, hydraxyalkyi oralkoxy also have the pharmacological properties 
required for the antiarrhythmic agents of Class III. Moreover, the members of both groups of compounds in gen- 
eral are much more potent than the reference drug, sotalol. 

These compounds are effective in treating and preventing all types of arrhythmias including ventricular and 
atrial (supraventricular) arrhythmias. The compounds of the present invention are especially useful to control 
reentrant arrhythmias and prevent sudden death due to the ventricular fibrillation. These compounds are also 
effective in treating and preventing impaired cardiac pump fundtons. 

In the novel method of this invention of treating arrhythmia, one of the compounds or pharmaceuticaily 
acceptable salt thereof, is administered in an amount ranging from about 0.0001 to about 20 mg per kg of body 
weight per day, preferably from about 0.001 to about 10 mg per kg of body weight per day in a single dose or 
in 2 to 4 divided doses. 

These compounds can be administered as the sole active ingredient or in combination with other antiar- 
rhythmic agents or other cardiovascular agents. 

These compounds, or pharmaceuticaily acceptable salts thereof, in the described dosages, are adminis- 
tered orally, intraperitonealiy, subcutaneously, intramuscularly, transdermal^, sublinguaily or intravenously. 
They are preferably administered intravenously or orally, for example in the form of tablets, troches, capsules, 
elixirs, suspensions, syrups, wafers, chewing gum, or the Ifce prepared by art recognized procedures. The 
amount of active compound in such therapeutically useful compositions or preparations Is such that a suitable 
dosage wQI be obtained. 

The following examples are given for the purpose of Illustrating the present invention and shaD not be con- 
stru d as being limitations on the scop or spirit of the instant invention. 

EXAMPLE 1 

2'-Nitro-1-(2-(2-pyridy0eth^ 

Step A : Preparation of N^enzoyM-carboxymethyV^ 
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A solution of 21.2 g (182 mmol) of 2-mercaptothfophene and 40 g (163 mmoles) of N-benzoyl«4-(car- 
boxymethyfkime)piperidine in THF (400 ml) was treated with 8.4 g (11.6 mL, 83 mmole) of triethylamine and 
heated to reflux for 5 hours. The reaction mixture was concentrated to dryness and partitioned b tween ethyl 
acetate and 0.5 N HQ. The aqueous phase was then extracted with ethyl acetate and the combined organics 
5 were dried over MgSO* filtered and concentrated in vacuo. The residue was crystallized from ethyl acetate to 
give 55 g (93%) of the product, mp = 185-187°C. 

'H NMR (CDCy 5 7.4 (d, 1H), 7.38 (s, 5H), 7.25 (m. 1H). 7.05 (m, 1 H), 4.45 (m, 1H), 3.6 (m, 3H). 2.6 (s, 2H) f 
1.8(m,4H). 

Elemental analysis for C^H^O^ : 

10 

E C H 

Calculated: 3.87 59.80 5.29 

1S Found: 3.84 60.07 5.17 

Step B : Preparation of HBenzoyl)^iro(pipen^ne^ f 6'(^ 

A stirring suspension of 42 g (1 10 mmoles) of N-benzoyt-4-(acetic add>4-(2-mercaptothiophene) in 800 
mL CH 2 CI 2 at 10°C was treated with 2 mL dimethylfbrmarnide and then 16.6 g (127 mmole) of oxaiyl chloride. 

20 The resulting solution was then treated with 5?.? g (348 mmol) of trifiuormethanesulfonic acid and warmed 
slowly to room temperature. The reaction became heterogeneous and was diluted with 700 ml CH2Q2 to faci- 
litate stirring. The reaction was stirred for 3 hours at room temperature and then poured into 2 1^ H2Q. The layers 
were separated and the aqueous phase was extracted with ethyl acetate. The combined organics were dried 
over MgSO* filtered and concentrated in vacuo. The residue was crystallized from ethyl acetate to obtain 38.4 

25 g product mp = 145-147°C *H NMR (CDCy 8 7.45 (d, 1 H), 7.40 (s f 5H), 7.05 (d, 1 H), 4.6-4.4 (m, 1H), 3.7-3.65 
(m, 1H), 3.5-3.25 (m, 2H), 2£-2* (m, 2H) f 2^-1.6 (m, 4H). 
Step C : Preparation of 2^Nitro-1-(bergoyl)splro^^ 

A solution of 1 g (3 mmol) of 1-benzoylspfro(plr>eridlne-4,6X6H)thte^ in 10 

ml of methylene chloride at 0°C was treated with 612 mg of acetic anhydride and then 380 mg of nitric acid 
30 (spg = 1.5). The reaction was stirred at room temperature for 9 hours and then poured into 150 ml H2O. The 
phases were separated and the aqueous phase was extracted with ethyl acetate. The combined organics were 
dried over MgSO* filtered and concentrated in vacuo. The residue was chrornatographed on silica gel (ethyl 
acetate/hexane) to give 760 mg of the product 

'H NMR (CDCI3) 6 8.18 (s, 1H), 7.5-7.38 (m, 5H). 4.3-4.15 (m, 1H) r 3.60-3.45 (m, 1H), 3.38-3.15 (m, 3H), 3.09 
35 (s,2H),2.2-1.8(m,4H). 

Step D : Preparation c^-NItrospirotptperidine^^ hydrochloride 
A suspension of 1.1 g (2.9 mmol) of 2'-nitro-1-(benzoyf) spiro(pir^ridine^,6'^6H)thienoI2 f 3-b]triiopyran>- 
4'(5'H)-one in 25 mL methanol was treated with 25 ml of 6N Ha and heated to reflux for 3 days. The reaction 
was cooled to ambient temperature and the sdid collected and dried in vacuo, to give 680 mg (73%) of the 
40 product, mp = 262°C. 

'H NMR (CDCy 6 9.29-9.0 (m, 2H), 8.05 (s ( 1H), 3.20-3.00 (m ( 2H) f 3.00-2.85 (m, 4H), 2.12-1.91 (m, 4H). 
Elemental analysis for C 11 H 1 2N 2 OsSz*HCI*0<5H 2 O 



Calculated : 8 . 49 40 . 05 4 . 27 

Found: 8.40 39.80 3.92 

50 Step E : Preparation of 2^itro-1-(2-(2-pyridy0etrry^ 
4'(5'H)-one 

A solution containing 660 mg (2.05 mmol) of 2 , -Nanwpiro(piperidne-4 ( 6^ 
4'(5'H)-one dihydropyran, 430 mg (4.1 mmol) of 2-vinylpyrfdtn and 557 mg (4.1 mmol) of sodium acetate trfhy- 
drate in 10 rrd of 1 : 1 methanoitaater was heated at reflux for 4 hours. The reaction was cooled to room 
55 temperature and a solid separated. 

The solid was collected and dissolved In methanol and treated with excess ethanolic HCL The dihydro 
chloride separated and was collected and dried over night In vacuo to give 482 mg of the product mp = 189- 
192°C 
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'H NMR (DMSO) 5 11.6 (brs, 1H), &78 (d, 1H), 8.36 (t. 1H), 8.10 (s, 1H). 7.83 (d, 1H), 7.75 (appt, 1H) f 3.7-34 
(m, 6H), 3.4-3.2 (m, 2H), 3.19 (brs, 2H), Z4-Z3 (m, 4H). 
Elemental analysis for C^sH^OsS^CMiHiO. 

N C H 

Calculated: 8.66 44.58 4.88 

Found: 8.68 44.63 4.65 

EXAMPLE 2 

1 ^2-pyridy1)ethyl)spiro(piperidin ^hydrochloride 
Step A : Preparation of Spiro(piperidin6^,6X6H)thtenoR3-blthtopyranM f (5 f H)^ne hydrochloride 
A solution of 1 4 g (40.99 mmol) of 1-benzoyl^pin>(piperidine4,6'-{6H)thte^ 
in 150 ml of ethanol was treated with 50 ml of 6 N HCI and heated at reflux for 2 days. The reaction was cooled 
to room temperature and the solid collected by filtration. The solid was dried overnight jn vacuo to give 9.03 g 
of the product mp = 280°C. 

'H NMR (DMSO) 5 9.4-9.0 (m, 2H), 7.47 (d, J=5Hz, 1H), 7.38 (d, J=5Hz, 1H). 3.27-3.17 (m, 2H) f 3.10-2.95 (m. 
2H), 2.96 (s, 2H), 2.17-2.00 (m, 4H). 
Elementary analysis for C 11 H 13 NOS 2 .Ha.H 2 0 

N C H 

Calculated: 4.76 44.96 5.48 

Found: 4.77 45.17 5.45 

Step B : Preparation of 1-(2-(2-pyrfdyl)ethyl)spiiD-p^ (5 f H)-one 
dihydrochloride 

Employing the procedures substantially as described in Example 1, Step E but starting with the product of 
Example 2, Step A, there was obtained the title compound with m.p. 213-215°C. 

'H NMR (DMSO) 5 11.5 (brs, 1H), 8.77 (d, J=5Hz, 1 H), 8.30 (appt, J=8Hz, 1 H), 7.83 (d, J=8Hz, 1 H), 7.75 (appt, 
J=6Hz, 1H). 7.50 (d t J*3Hz, 1H), 7.40 (d, J=3Hz, 1H), 3.6-3.4 (m, 6H), 3.4-32 (m, 2H) f 3.0 (brs, 2H), 2A-22 
(m f 4H). 

Bemental analysis for d 8 H 20 N 2 OS^2Ha.l7H 2 O 

N C H 

Calculated: 6.64 51.23 5.37 

Found: 6.61 51.37 5.22 

EXAMPLE 3 

1-(2-(2-Pyridy0emyl)spiro(piperidine^ 

Step A : Preparation of 1-Benzoyt-sptro(piperidine- 4,6X6H)mienoI2.3-b1thiopyran>4 f (5H)-one7T- 
dioxide 

A solution of 4 g (11.7 mmole) of 1-benzoy»-spiro(piperidinM,6M6H^ 
in 50 ml THF at 10°C was treated with a solution of OXONE® in HjO (10 .82 g, 17.6 mmole In 50 mL HjO) and 
warmed slowly to room temperature. After 4 hours at room temperature the reaction mixture was poured into 
200 ml of saturated NaHCOj and extracted with ethyl acetate. The combined organics were dried over anhydr- 
ous MgS0 4t filtered and concentrated in vacua Chromatography of the residue on silica gel (1 : 1 ethyl ace- 
tate/hexane) gav 2.2 g of product, mp = 170-1 72°C. 

'H NMR (CDCy 8 7.60 (d, J=5Hz, 1H), 7.50 (d, J=5Hz, 1H) t 7.41 (m, SH), 4.4542 (m, 1H), 4.1W.80 (m, 1H), 
3.6-3.35 (m, 2H), 3.34 (s, 2H), 2^0-Z20 (m, 2H), 2.0-1.65 (m, 2H). 
Step B : Preparati n of Spire(piperMine^,6M6H)thlerwR3^ 

Employing th procedure substantially as described in Example 1 , Step D but starting with the product of 
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Step A of this Example there was produced the title compound, m.p. 110°C. 

'H NMR (DMSO) 6 9.4 (m. 1H), 9.0 (m, 1H), 8.18 (d, J=5Hz, 1H), 7.55 (d. J^SHz, 1H), 3.70-3.6 (m, 2H), 3^5 
(s, 2H). 3.4-3.0 (m, 4H), 2.4-Z25 (m, 2H). 2.09-1.95 (m, 2H). 

Step C : Preparation of 1^K2-pyridyQethyl)spiro(piperidm 
TJ' dioxide 

Employing the procedures substantially as described in Example 1 , Step E but starting with the product of 
Step B of this Example there is produced the title compound, nvp. 148-150°C 

*H NMR (CDCy 5 8.55 (m, 1H), 7.6 (m, 1H), 738 (d, J=5Hz, 1H), 7M (d, J=5Hz. 1H), 7.1 (m, 2H), 335 (s f 
2H). 3.05-2.80 (m, 6H) ( 2.50-2.30 (m, 4H), 1.90-1.78 (m, 2H). 
Elemental analysts for C^HzoNfeO^ 

H C S 

Calculated: 7.44 57.42 5.35 

Found: 7.46 57.70 5.44 



EXAMPLE 4 

2 , -Nitro-1-(2-(6-Memy^ 
DIhydrochloride 

Employing the procedure substantially as described in Example 1, Step E but starting wfih 2-methyl-6-vinyf- 
pyridine instead of 2-vinyipyridine, there was produced the title compound, with m.p. 115-117°C. 
'H NMR (DMSO) 6 11.9 (brs, 1H), 830 (m, 1H), 8.20 (s, 1H), 7.70 (m. 1H), 3.7-3.4 (m, 6H), 3.4-3.2 (m, 2H), 
3.18 (s, 2H), 2^-2.3 (m, 4H). 
Bementary analysis for d 9 H 2 iN 3 Q8S-2HCI'3/4 H 2 0 

N 

Calculated: 8.57 
Found : 8 . 22 

EXAMPLE 5 

1-(2^6-Meftyl-2-pyridyl)ethyl)spi^ ^hyd- 
rochloride 

Employing the procedure substantially as described in Example 2, Step B but employing 2-methyl-6-vinyt- 
pyridine instead of 2-vinylpyridine, there was produced the title compound, with m.p. 219-222°C. 
'H NMR (DMSO) 6 11.6 (brs. 1H), 8.3 (m, 1H), 7.7 (m, 2H), 7.5 (d, J=3Hz t 1H), 7.38 (d, J=3Hz, 1H), 3.6-3.4 
(m, 6H) t 3.4-3.2 (m, 2H), 3.0 (br s, 2H) 2.70 (s, 3H), 2.38-2.2 (m, 4H). 
Elemental analysis for C t9 H 2 2N 2 OSr2HCI 

H C H 

Calculated: 6.49 52.89 5.60 

Found: 6.43 52.84 5.51 



C 

46.57 
46.57 



5.03 
5.05 



EXAMPLE 6 

2Mdethanesuffonamido-1^-(^ 
5'H)-one 

Asuspension of 1.02g (2.14 mmd) of^-nitro-I^H^eth^^yridy^thyOsp^ piperldine-4,6'(6H)thie- 
no[2,3-b]thiopyran-4'-one in 20 ml of concentrated HCI was treated with 760 mg (6.4 mmoie) of tin powder and 
heated on a steam bath for 15 minutes. The reaction mixture was diluted with H 2 0 and the pH adjusted to 
approximately pH 9 with 2N NaOH and saturated sodium bicaitonate solution. The aqueous phase was then 
extracted w&h ethyl acetate. Th organlcs were dried over MgSO* fBtered and concentrated In vacuo . The 
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crud material was dissolved in CtfeCfe, and excess trfethyiamine and methanesuffonyl chloride were added. 
After about 1 tour, the reaction was poured into saturated bicarbonate and extracted with ethyl acetatB. The 
combined ethyl acetate layers were dried ver MgSO* filtered and concentrated in vacuo to give 380 mg of 
bis sutfonamide after chromatography (5% CH3OH/CHCI3). This material was dissolved In methanol and treated 

5 with 1 ml of 1 N NaOH, concentrated In vacuo and partitioned between saturated sodium bicarbonate and 
methylene chloride. The layers were separated and the aqueous phase was extracted repeatedly with 
methylene chloride. The combined organics were dried over MgSO*. filtered and concentrated in vacua 
Chromatography of the residue on sQica gel (5% CH3OH/CHCI3) gave 220 mg of the product which was crys- 
tallized from HCI/ethanol/methanol to obtain 165 mg of the dihydrochloride. m.p. 204-206°C. 

10 'H NMR(DMSO) 8 114 (brs ( 1H), 10.58 (brs, 1H), 8.25 (m, 1H), 7.65 (m f 2H), 6.95 (s f 1H), 3.8W.60 (m, 6H) f 
3.6-3.4 (m. 2H), 3.03 (s, 3H) 3.02-Z9 (m, 2H), 2.7 (s, 3H), 2.35-2.19 (m, 4H). 
Bemental analysis for CjoHbsNsQsS^Cli H 2 0 

N C H 

Calculated: 7.87 45.02 5.28 

Found: 7.85 45.08 5.11 



20 EXAMPLE 7 



4'-Hydroxy-1^2-(2-pyridyl)eth^^ 

A solution of 1.6 g (4.6 mmole) of 1-(2-(2-pyrfdyl)ethy0spiro(pi^ 

4'(5'H)-one) in 25 mL ethand was treated with excess sodium borohydride at roan temperature. After stirring 
25 for 1 hour the reaction mixture was poured into 100 ml of saturated sodium bicarbonate solution and extracted 

with ethyl acetate. The combined organics were dried over MgSO*. filtered and concentrated in vacuo. The 

material was crystallized from ethyl acetate to give 745 mg, of product, m.p. 154-155°C. 

*H NMR (CDCI3) 8 8.5 (m, 1H), 7.6 (m, 1H), 7.25-7.00 <m, 4H), 4.9 (m ( 1H), 3.04-2.95 (m. 2H), 2.85-2.70 (m. 

4H), 2.6-1.75 (m,8H). 
so Elemental analysis for C18H22N2OS2 

N C H 

Calculated: 8.08 62.38 6.46 

35 Found: 8.01 62.16 6.39 



EXAMPLE 8 

40 4'^ydi^-H2^2-pyridy0ethyl)spiro(piperidi 
ro chloride 

Using the procedure substantially as described in Example 7 but starting with the 4'-oxo-7\7'-dioxide from 
Example 3, Step C there was produced the title compound, with m.p. 275°C. 

*H NMR (DMSO) 5 11.4-11.2 (m. 1H), 8.78 (m, 1H), 8.35 (m, 1H), 8.0 (d, J=5Hz, 1H), 7.85 (d, 1H), 7.25 (d, 
45 J=5Hz. 1H), 7.79 (m, 1H), 4.88 (m, 1H) f 3.70-3.2 (m, 8H), 2.85-2.7 (m, 1H), 2.60-2.35 (m, 3H), 2^5-2.00 (m, 
2H). 

Elemental analysis for deH^NzOsSrHCI 



do 



N C H 

Calculated: 6.20 47.88 5.35 

Found: 6.12 47.52 5.41 



55 EXAMPLE 9 



1^2-(2-pyridyl)ethyl)spiro(piperidine^ > 6 , »thieno[2 t 3-bimiopyran) 

A solution of 600 mg (1.73 mmole) of 4X5'HHrydraxy-M2^ 4,6'(6H)thie- 
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no{2,3-b]thiopyran in 5 mLTHF was treated withl miof2NHCI and stirred at room temperature for 15 hours 
andth n heated gentry overnight Th reaction was cooled to room temperature poured into saturated sodium 
bicarbonate and extracted with ethyiacetate. The organic phases were dried over MgS0 4 , filtered and concen- 
trated in vacua Chromatography on silica gel eiuting with 3% CH3OH/CHQ3 gave 88 mg of the product as a 
5 free base. 

'H NMR (CDda) 5 8.5 (appd, J=5Hz, 1H), 7.60 (m, 1H), 7.19 (d, J=8Hz, 1H) ( 7.15 (m, 1H), 7.0 (d, J*5Hz, 1 H), 
6.88 (d, J=5Hz, 1H), 6.47 (d ( J=10Hz, 1H), 5.56 (d, J=10Hz, 1H), 3.0 (m, 2H), 2.8 (m, 2H), 2.7-255 (m, 4H), 
2.10-1.80 (m,4H). 

The materia] was crystallized from ethanoi as the dl HCI salt, m.p. 198-200°C. 
10 Elemental analysis for CieH^NA ^HCi 



K C H 

Calculated: 6.98 53-85 5.52 

Found: 7.02. 54.07 5.59 



EXAMPLE 10 

20 l-g-g-PyridyQethyQsplrofrl^^ 6'H)thieno[2>bIthtopyran) dihydrochloride 

A solution of 800 mg (3.27 mmotes) of 1-(2-<2-pyridy0ethyl)spiro^ 
ran)-4'(5 r H)-one in 10 ml THF at room temperature was treated with 1 ml of 10 M BH^DMS (10 mmole) and 
heated to reflux for 12 hours. The reaction was cooled to room temperature and treated carefully with 2 ml of 
6N HQ and reheated to reflux for 2 hours. The reaction was then cooled to room temperature and poured into 

25 100 ml H2O. The pH was men adjusted to 9 with 1N NaOH and saturated sodium bicarbonate. This was ext- 
racted with ethyiacetate. The combined organics were dried over anhydrous MgSO* filtered and concentrated 
in vacuo. The hydrochloride was generated in ethanoi and recrystaDized from ethand/ether to give 241 mg of 
product m.p. 200-202°C. 

•H NMR (de DMSO) 8 11.6-11.45 (m, 1H), 8.78 (m, 1H), 8.35 (m. 1H), 7.9 (appd, J=9Hz, 1H), 7.80 (m, 1H), 
30 7.35 (d, J=5Hz, 1 H), 6.90 (d, J=5Hz, 1 H), 3.7-3.4 (m, 8H), 3.4-3.1 (m, 2H) ( 2.8 (m, 2H) f 2.4-2.0 (m, 4H). 
Elemental analysis for CtBH^NA^HCI 

N C H 

35 Calculated: 6.94 53.58 5.99 

Found: 6.94 53.41 6.02 



EXAMPLE 11 

40 

H2-(2-Pyridyl)ethy0spiro(piperifl^ 

A solution of 700 mg (Z11 mmoles) of 1-(2-(2-pyddy0etr^piro(piperidine-4 ( 6'(5'HH 
bjthiopyran In methanol (35 mL) was treated with 700 mg (3.27 mmole) of sodium metaperiodate in 35 ml KfeO. 
The reaction was stirred for 5 hours and then poured into water and extracted with ethyl acetate and methylene 
45 chloride. The organic layers were combined, dried over anhydrous magnesium sulfate (MgS0 4 ). filtered and 
concentrated in vacua The residue was chromatographed on sSlca gel eiuting with 3% CH3OH/CHCI3 to give 
495 mg of the product as a free base. The dihydrochloride was generated in ethanoi and recrystallized from 
isopropanol/ethyl acetate to give 175 mg of product m.p. 150°C (dec). 

*H NMR (ds DMSO) S 11.4 (m, 1H) ( 8.78 (appd, J=6Hz. 1H). 8^5 (m, 1H), 7.98 (d ( J^SHz, 1H) t 7.85 (appd, 
SO J=9Hz, 1H), 7.75 (m, 1H). 7.15 (d, J=5Hz, 1H), 3.W.2 (m, 10Hz), 3.05-2.70 (m, 2H), 2.50-2.20 (m, 2H), 2^0- 
1.80 (m, 2H). 

Bemental analysis for CteH^NaOS^CI-lHo 



55 N C H 

Calculated: 6.34 48.91 6.04 

Found: 6.28 48.96 6.10 
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EXAMPLE 12 

Hp441trobenzy1)splro(pi hydrochloride 
A suspension of 1 g (3.62 mmoles) of spiro (piperidlne^.6^^thtenoIJ^34>]th 780 mg 

(3.62 mmoles) of p-nitrobenzyl bromide and 0.5 g of sodium bicarbonate in methanol (20 ml) was stirred at room 
temperature for 24 hours. The reaction mixture was poured into 100 ml H2O and extracted with methylene 
chloride. The organic layers were dried over MgSO* fBtered and concentrated in vacua The hydrochloride salt 
was generated in ethanoi and crystallized from C^sOH/CHsOH to give product with rap. 238°C. 
Elemental analyses for C 18 H 1S N 2 0 3 S2-Ha 



Employing the procedure substantially as described in Example 12, but substituting for the p-nitrobenzyl 
bromide used therein the appropriate aikyi or aryl bromide there were produced the N-substituted spiro-piperi- 
dines described in Table L 



Calculated : 
Found : 



N 
6.81 
6.83 



C 

52.60 
52.49 



E 

4.66 



4.59 
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TABLE I 



f5 

Analysis 

Exanple E 3 npC°C) C H H 



\Fbund / 



52. 59 9. 11 6* 45 



57. 73 4.84 46 

14 ^iPJL 139 - t4 ° ^ 1^7 ^ 



/ X^v^ B5p » C ^ 49. 31 4.75 5, 75 

15 y^J&^x 289-271 ^5 rs* rsT 



35 /F\>__ 54.45 4.85 7 - 93 

54. 21 4. 83 7. 68 



16 — ® N<C1 243-245 



17 o@ 4815:1 2so ' 23s » 



61 4. 99 Q» 94 
86 5. 13 6.88 



50> C1 4.99 04 

45 i« vJQl *" a 278-280 55^ 157 



50 



55 
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20 



25 



35 



55 



COOTrOTSD Analysts 
Bxanplq R* npC°C) C H W 




f^N 3a 44 5. 36 

19 ^ ImJ 235-238 — — — — 
^^s^r , 3a 36 3. 29 



6.62 
6. 38 



•2BC1 
•1/4 HjO 
1/4 IPA 

f0 /V5s 55. 62 4.89 A- 17 



-2aci 



f 5 /-T\ 56, 64 4- 47 7. 77 

21 -<0>-»a 208-210 — — — 



22 /v^ >™ 
HC1 



60.03 5. 83 3*08 
6a 09 5. 88 3. 65 



✓pS 180-184 52. 85 S. 99 8. 1 6 

23 v^^«»-2HCl*a 3Ht|0 52.80 6.05 6.12 



30 *<»s w , _ rt 6a 96 6.13 3.35 

HC1 210 



24 ^^x*^ 60.69 6.05 3.49 

EXAMPLE 25 

H2-(4-Aminophefiyl)ethy1)s^ di hydrochloride 
hemihydrate 

A solution of 1.1 g (2^mmo!es)of 1^KP^itropheny1)ethy0sp^ 
ran>4'(5'HH>ne in 15 mL acetic acid and 20 mL hfeO was treated with 15 mL erf a solution of 15% TiCI 3 in 20% 

40 HCL The dark purple reaction mixture was stirred at room temperature for 45 minutes and poured into 200 mL 
water. The pH was adjusted to 9 with 2N NaOH and saturated sodium bicarbonate. Trie aqueous mixture was 
extracted several times with ethyl acetate. The combined organics were dried over anhydrous MgSO* filtered 
and concentrated in vacuo to give 955 mg. A smaO amount was treated with excess ethanolic HCI and the hyd- 
rochloride was crystallized from ethanol to give 55 mg of product, m.p. 240°C. 

45 Elemental analysis for ^aH^OSa ^Ha-Ho 

H C H 

Calculated: 6.36 51.81 5.72 

Found: 6.35 51.95 5.43 

Employing the procedure of Example 25 and the appropriate starting materials there are prepared the com- 
pounds of Examples 26 and 27 



EXAMPLE 26 

l^m^rwbeiizvte^^ 
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m.p. 128-129°C. 

Elemental analysis for C, 6 H2oN20S r 0.1H 2 0 



K C H 

Calculated: 3.09 62-42 5.85 

Found: 8.04 62.41 5.83 



EXAMPLE 27 



H4^irophenyl)sptro(plperidi 
m.p. 163-1 64°C 

Elemental analysis for C 17 H ie N20S2 

R C H 

Calculated : 8 . 47 61.78 5 . 49 

Found: 8.39 61.60 5.49 



EXAMPLE 28 



H2^4-Methanesulfonamtdophenyl^ 

A solution of 850 mg (Z37 mmoles) of H2-(4^inopheriy1)ethy^ 
ran)-4'5(H)-one in 10 mi methylene chloride was treated with 500 uJ pyridine and 220 ml 2B5 mmole) of 
methanesutfonyl chloride at room temperature. The reaction wa9 stirred at room temperature for £ hour and 
then poured into 200 ml saturated sodium bicarbonate solution. The aqueous mixture was extracted several 
times with ethyl acetate. The organtes were dried over MgS0 4l filtered and concentrated In vacuo. The residue 
was chromatographed on silica gel eluting wfth 3% CH3OH/CHCI3 to give 690 mg. The free base was crystal- 
lized from CH3OH to give 605 mg of product, m.p. 173-174°C. 
Elemental analysis for C^oH^aQgSs-CHsOH 

N C H 

Calculated: 5.97 53.81 6.02 

Found: 5.95 54.03 6.08 

Following the procedure described in Example 28 and using the appropriate starting materials there were 
produced the products of Examples 29 and 30. 



EXAMPLE 29 



H4^ethanesufonamidophenyQmeth^ 
hydrochloride 
m.p. 270°C 

Elemental analysis for CieHz^OsSa-HCI 

N C H 

Calculated: 6.10 49.71 5.05 

Found: 6.18 49.95 5.04 



EXAMPLE 30 

H4^ethanesulfbnamidophenyl)spiro(piperi 
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rap. 158-159°C 

Elemental analysis for CtsHaor^QA-Ho 



C 



H 



Calculated : 
Found : 



6-78 
6.92 



52.33 
52.52 



5,00 
4.90 



EXAMPLE 31 

1.34)ihydro-1^<>-1Hg^2^ 

Step A ; Preparation of ethyM-benzovl^pheriyl-methy^ 

To a solution of 7.84 g (30.0 mmoles) ethyl 1-benzoyl^ipentfinecan^xytate (G.R. Clemo and E. Hog- 
garth, J. Chem. Soc., 41, (1941) in 60 mi dry tetrahydrofuran at -78°C under argon was added dropwise over 
10 minutes 33.0 ml (33.0 mmoles) Ifthhjm bis(trtnethylsOyl)arnide in tetrahydrofuran and the resulting solution 
was stirred 30 minutes. To this solution was added dropwise over 2 minutes 5.64 g (33.0 mmoles) benzyl 
bromide in 1 0 ml dry tetrahydrofuran and the resulting solution was stored overnight while wanning from -78°C 
to room temperature. The reaction was quenched with 20 ml saturated ammonium chloride solution and ext- 
racted with 2 x 100 ml ethyl acetate. The combined extracts were washed with 20 mJ water and brine, dried, 
and the solvent removed in vacuo to give an oD. The oO was stirred under 25 ml hexane at -1 5°C, the hexane 
was decanted and the on was dried in vacuo to give 123 g crude product as a viscous oil ; 
'H NMR (deuteriochloroform) : 5 1.20 (t, 3H), 1.40 (m, 1H). 1.60 (m, 1H), 2.07 (m, 1H). 2^2 (m, 1H), 2.85 (d, 
2H), 3.08 (m, 1H). 3.65 (m. 1H), 4.12 (q, 2H), 4.65 (m, 1H). 7.04 (m. 2H), 7.24 (m. 3H), 7.38 (m, 5H). 
Step B : Preparation of 1-BenzoyWphenytmethyfH-pfpe^ add 
To 10.7 g (26 mmoles) crude ethyl 1-benzoyl-4-(phenylmethv^ was added a sol- 

ution of 1 4.6 g (1 30 mmoles) potassium tert-butoxkle in 1 30 ml dimethyl sulfoxide. The resulting purple solution 
was stirred 2 hours to give a dark orange solution. The solution was poured into 500 mJ rapidly stirred ice-water 
and acidified with 12 ml concentrated hydrochloric add. The resulting white precipitate was filtered off, washed 
with 3x20 ml cold water, then dissolved In 200 ml ether. The ether solution was washed with 3x20 ml water, 
and brine, dried, and the solvent was removed in vacuo to give a pale yellow foam. The product was recrys- 
tallrzed from ether to give 6.63 g (75%) product, m.p. 183-189°C. 

'H NMR (deuteriochloroform) : 8 1.40 (m ( 1H), 1.60 (m, 1H), 203 (m, 1H), 2^2 (m, 1H). 2.89 (d, 2H), 2.90 (m, 
1H), 3.15 (m, 1H), 3.67 (m, 1H), 4.57 (m, 1H), 7.09 (m, 2H), 7.24 (m, 3H), 7.38 (m, 5H). 
Step C : 1'-Benzoyl-1 ,3-dihydro-1-oxospiro-f2H- indene-2.4'-piparidlne] 

A solution of 6.14 g (19.0 mmoles) 1-benzoyl^phenylmetriyl^ acid in 61 ml con- 

centrated sulfuric add was stirred 18 hours at room temperature to give a deep red solution. The solution was 
carefully dButed with Ice-bath cooling with 300 ml H2O and extracted wfth 3 x 300 mi ethyl acetate. The extract 
was washed with 25 ml water and brine, dried, and the solvent was removed in vacuo to give a white foam. 
The foam was stirred under ether and filtered off to give 3.61 g (62%) product, m.p. 149-154°C. 'H NMR (deu- 
teriochloroform) : 6 1.50 (m, 2H), 2.00 (m, 2H), 3.12 (m, 2H), 3.25 (d of d of d, 2H). 3.90 (d, 1H), 4.62 (m, 1H), 
7.43 (m, 7H). 7.63 (d of d, 1H), 7.79 (d, 1H). 

Step D : Preparation of 1.3^ihydro-1^ospirol2H-indene-^ 

A solution of 3.66 g (120 mmoles) 1'-berizoyM,34ihydro-1^xospi^^ in 90 ml 

ethanol and 30 ml 6N hydrochloric acid was heated at reflux for 42 hours. An additional 10 mJ 6N hydrochloric 
add was added and the solution was heated at reflux for 6 hours. The coded sdution was concentrated in 
vacuo to remove ethand and the resulting aqueous solution was washed with 2 x 20 ml ethyl acetate. The 
aqueous layer was made basic with 1 0N sodium hydroxide and extracted with 3 x 75 mi ethyl acetate. The 
extract was washed with 20 ml water and brine, dried, and the solvent was removed In vacuo to give 1.87 g 
(77%) product as an ofl ; 'H NMR (deuteriochloroform) : 6 1.35 (d of d, 2H), 1.62 (broad s, 1H), 1.88 (d of d of 
d, 2H), Z81 (d of d of d, 2H), 3.10 (s, 2H), 3.17 (m, 2H), 7.38 (t, 1H), 7.46 (d. 1H), 7.60 (t, 1H), 7.77 (d f 1H). 

Step E : Preparation of 1,3^ftydro-1-c«o-142K2-rjyr^ 

Asdutionof 1.01 g (5 mmdes) 1 ,3^ihydn>-lK>xospiro[2rWndene-2,4'-plperidlne] and 1.58g (15 mmdes) 
2-vinyl pyridine in 10 ml methanol was heated at reflux for 18 hours. The solvent was removed in vacu . and 
the residue was purified by flash chromatography on sQica gel duting with 5 : 95 methand/chloroform. The ma- 
terial obtained was crystallized from 5 : 1 ether/hexane to give 0.80 g (52%) product, rap. 71-72.5°C. 
Anal. CalCd. for C20H22N2O : 
C, 78.40 ;H, 7.24 ; N, 9.14. 
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Found : C, 78.58 ; H, 7.37 ; N, 9.14. 
EXAMPLE 32 

5 1,3^ihydro-14iydroxy-1M2^>yr^^ 

To a solution of 0.306 9 (1.0 mmote) 1,3«fihydn>-lHSxo-1'H^ 
piperidine] tn 2 ml ethanol was added 0.035 g (1.0 mmole) sodium borohydride. The mixture was stirred under 
argon for 30 minutes, another 0.035 g (1 .0 mmole) sodium borohydride was added, and the mixture was stirred 
1 hour. The reaction was quenched with 10 ml saturated ammonium chloride solution, dButed with 3 ml water, 

10 and extracted with 3 x 20 ml methylene chloride. The combined extracts were washed wfth 5 ml water and brine, 
dried, and the solvent was removed in vacuo to give 0.32 g crude product as a gum. This was purffied by flash 
chromatography on silica get eluting with 5 : 95 methanol : chloroform. The material obtained was crystallized 
from ether to give 0.215 g (69%) product, m.p. 108-1 13°C. 
Anal. CalCd. for C^N^O -0.35 Hfi : 

15 C. 76.32 ;H, 7.91 ; N, 8.90. 

Found : C, 76.42 ; H f 7.94 ; N, 8.81. 

EXAMPLE 33 

20 1,3^ihydro-1^xo-142K4^itro^ 

A mixture of 0.60 g (3.0 mmoles) 1^ihydro-1-^ospiro(2H-indene-2,4'-piper{dine], 0.71 g (3.1 mmoles) 
4-nitrophenethyl bromide, and 0.28 g (&3 mmoles) sodium bicarbonate in 3 ml ethanol was heated at reflux 
for 6 hours. The solvent was removed in vacuo and the residue was partitioned between 20 ml ethyl acetate 
and 5 ml dOute bicarbonate solution. The layers were separated and the aqueous layer was extracted with 20 

25 ml ethyl acetate. The combined extract wee washed wth 5 ml water and brine, dried, and the solvent was 
removed in vacuo to give 1.08 g crude product as a gum. This was purified by flash chromatography on sfllca 
gei eluting with methanol : chloroform (2 : 98). The material obtained was crystallized from 1 : 10 methylene 
chloride : ether to give 0.61 g (58%) product, m.p. 187-188°C. 
Anal. CalCd. for C^H^NiOjrO.SO H 2 0 : 

30 C, 70.89 ; H, 6.40 ; N f 7.87. 

Found : C, 70.90 ; H, 6.25 ; N, 7.82. 

EXAMPLE 34 

35 1 t 3^ihydro-1-rtydroxy-1 f -gK^ 

To a suspension of 0.21 g (0.60 mmole) 1,34ihydro-lK>xo-14^4^'^ 
2,4'-piperidine] in 4 ml ethanol under argon added in 4 equal portions at 30 minute intervals 0.080 g (2.4 
mmoles) sodium borohydride. After the final addition 3 ml dimethyl fbnmamide was added and the mixture was 
stirred 30 minutes. The reaction was quenched with 5 ml saturated ammonium chloride solution, diluted with 

40 3 ml water. Ethanol was removed in vacuo and the aqueous mixture was extracted with 2 x 15 ml methylene 
chloride. The combined extracts were washed with brine, dried, and the solvent was removed in vacuo to give 
the crude product This was purified by flash chromatography on silica gel eluting with methanol : chloroform 
(1 0 : 90). The material obtained was crystallized from methylene chloride : ether (1 : 1 0) to give 0.053 g (25%) 
product, rrtp. 134-137°C. 

45 Anal. CalCd. for C^rW^OyO.1 0(02^00.10 
CHiCb : C, 70.10 ; H, 6.90 ; N, 7.61. 
Found : C, 70.16 ; H, 6.72 ; N, 7.76. 

EXAMPLE 35 

so 

1 ,3-Dihydro-1 '^4Kmeftanesulforterri 

A mixture of 0.60 g (3.0 mmdes)1 ,3njirr/dro-lK)Xospiror^ 0.28 g (3.3 mmoles) 

sodium bicarbonate, and 0.91 g (3.1 mmoles) 244Hnethane^itfonamido)phenyl]ethylmethanesuIfonate in 4 ml 
ethanol was heated at reflux for 2.5 hours. Th solvent was removed in vacuo and the residue was partitioned 
55 between 25 ml ethyl acetate and 1 0 ml dilute sodium bicarbonate solution. The layers were separated and the 
aqueous layer was extracted with 2 x 25 ml chloroform. The combined extract was washed with 5 ml H2O and 
brine, dried, and the solvent was removed in vacu to give 1.00 g (83%) crude product as a gum. This was 
purified by flash chromatography on silica gel eluting with methanol : chloroform (5 : 95) to give 0.39 g (28%) 
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product as a gum. 

T a solution of 0.17 g (0.42 mmoles) product In 1 ml ethanol was added 0.07 ml (0.42 mmoles) of 6NHC1 
In ethanol. The resulting white precipitate was filtered off to give 0.12 g (66%) hydrochloride salt, rap. 246- 
249°C. 

Anal. CalCd. for C^HaN^-HCI : 
C, 60.75 ; H f 6.26 ; N. 6.44. 
Found : C, 60.42 ; H, 6.45 ; N, 6.37. 



EXAMPLE 36 



1 3^lhyro^nitKKl.oxo-1^ 

Step A : Preparation of 1'-acetyH.3-dihydro-6-mtn^^ 

Step 1 To a solution of 1.13 g (5.6 mmoles) 1^Ihydn>-1<KOsp'ro[^indene in 15 ml 

methylene chloride cooled to 0°C was added 1.23 g (12.0 mmoles) acetic anhydride. The solution was stirred 
at 0° for 1 hour and the solvent was removed in vacuo to give crude 1'-acetytspiropK-indene-2 l 4'-piperidine]- 
1(3H)-one. 

Step 2 To a solution of the crude acetyl derivative in 17 ml concentrated sulfuric acid cooled to 0° was added 
0.60"gof90% nitric acid. The solution was stirred at 0°C for 1 hour, at room temperature for 2 hours, then poured 
into 1 00 ml ice-water. The mixture was extracted with 3 x 75 ml methylene chloride. The combined extract was 
washed with 20 ml H 2 0 and brine, dried, and the solvent was removed In vacuo to give 1.54 g (96%) crude 
product as a foam. This was recrystaDized from ethyl acetate to give 1.14 g (71%) product, rap. 176-179°C. 
'H NMR (deuteriochloroform) : 5 2.47 (m, 1H), 2.92 (m, 3H) ( 2.14 (s, 3H), 3.10 (m, 3H), 3.30 (m, 1H), 3.92 (m, 
1H), 4.50 (m, 1H), 7.41 (t, 1H), 7.47 (d, 1H), 7.63 (t, 1H), 7.78 (d, 1H). 

Step B : Preparation of 1>Dihydro^ftro-1-oxospiroI2H^ hydrochloride 
A solution of 0.216 g (0.75 mmol) 1'^u^1^ihydro-1-<ao^itn^ and 
2 ml (6 mmoQ 3N hydrochloric acid in 6ml ethanol was heated at reflux for18 hours. Another 0.2 ml (0.6 mmol) 
3N hydrochloric acid was added and the solution was heated at reflux for 4 hours, then cooled to room tem- 
perature to give a white precipitate. The precipitate was filtered off, washed with ethanol , and dried to give 0.1 58 
g (74%) product ; 'H NMR (DMSOde) : 5 1.60 (d, 2H), 1 .98 (m, 2H). 3.06 (m, 2H). 3.3 (m, 4H), 7.88 (d, 1H), 
8.35 (d, 1H), 8.55 (d of d, 1H), 8.9 (broad s, 2H). 

Step C : Preparation of 1 t ^D)hydn>6-nan>1-oxo-1 '-{2-<2-pyridy0-1 ^thyl]spiro|2H-indene-2 t 4^iperidine1 
A solution of 0.150 g (0.53 mmole) 1,3-dihydro-6-nitro-1-QXospir^ hyd- 
rochloride, 0.116 g (1.1 mmoles) 2-vinylpyridine, and 0.090 g (1.1 mmoles) sodium acetate in 1.5 ml of 1 : 1 
methanol : water was heated at reflux for 8 hours. Ethanol was removed in vacuo. The aqueous residue was 
diluted with 3 ml saturated sodium bicarbonate solution and extracted with 2 x 10 ml ethyl acetate. The com- 
bined extracts were washed with 3 ml water brine, dried, and the solvent was removed in vacuo to give 0.195 
g crude product This was recrystallized from ethyl acetate to give 0.123 g (66%) product, m.p. 142-144°C. 
Anal. CalCd. for Galfe H z O T 02SH& : 
C, 67.49 ;H. 6.09 ; N, 11.81. 
Found : C, 67.59 ; H, 6.13 ; N, 11.97. 

EXAMPLE 37 

13-Dihydro^^ 

Step A : Preparation of 1'^c^-1>dihydro-6-fnethanesufo 
dine] 

Step 1 To a solution of 0.29 g (1.0 mmole) 1'^cetyM,3^dro-6-rtf^ 
dine] in 4 ml acetic add was added 3.75 ml (4.3 mmoles) of 15% titanium (111) chloride solution in 20-30% 
aqueous hydrochloric add dropwise and portionwise over 2 hours. The reaction mixture was made basic (pH 
10) wan saturated sodium bicarbonate solution and 10N sodium hydroxide solution, diluted with 50 ml water, 
and extracted with 3 x 50 ml ethyl acetate. The combined extracts were washed with 20 ml water and brine, 
dried, and the solvent was removed in vacuo to give 029 g crude V-acetyW-amino-1 ,3-dihydn>1-oxospiroI2H- 
indene-2,4'-piperidine]. 

Step 2 To a solution of 0.29 g crude 1'-acetyl-6^no-1,3KiIhy(^ 
in 4 fnTmethylene chloride were added 0.16 g (2.0 mmoles) pyridine and 0.15 g (1.3 mmoles) methanesulfonyl 
chloride. The solution was stirred 1 hour, diluted with 10 ml methylene chloride and quenched with 5 ml satu- 
rated sodium bicarbonate solution. The layers were separated and the aqueous lay r was extracted with 10 
ml methylene chloride. The combined extracts were washed with 3 ml water and brine, dried and the solvent 
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was removed tn vacuo to give 0.35 g crude product This was crystallized from 1 : 20 methylene chloride : ther 
to give 0.30 g (89%) product as a gummy solid ; *H NMR (deutertechloroforrn) : 8 1.50 (m,2H), 1.80 (m. 2H), 
2.15 (s f 3H), 3.04 (s. 3H), 3.06 (m. 3H) t 3.31 (m, 1H), 3£2 (m, 1H), 4.50 (m, 1H), 7.46 (d, 1H) f 7.66 (m, 2H), 
8.lO(s,1H,NH). 

5 Step B : Preparation of 1,3-Dihydro-6Hnetttanesulfon^ 

A solution of 1.29 g {3J3 mmoles) crude 1 '-acetyM f 3^iihydro-6^ethanesulfonarrdd^ 
dene-2 f 4'-piperidine]-1 (3H)one in 27 ml ethanoi and 30 ml 3N hydrochloric acid was heated at reflux for 18 
hours. An additional 1.5 ml 3N hydrochloric acid was added and the solution was heated at reflux for 4 hours. 
The cooled solution was concentrated in vacuo to remove ethanoi and the resulting aqueous solution was 

10 washed with 2 x 10 ml ethyl acetate. The aqueous layer was made basic with 10N and 1N sodium hydroxide, 
then evaporated to dryness in vacuo. The solid residue was extracted with 3 x 50 ml of 1 : 99 methanol : 
methylene chloride. The extract was filtered and the solvent was removed In vacuo to give 0.50 g crude product 
as a foam. This was stirred under methylene chloride to give a solid which was filtered off to give 0.47 g (48.%) 
product, m.p. 236-238°C ; 'H NMR (DMSO-de) : S 125 (d, 2H), 1.65 (m, 2H), 2.66 (d of d. 2H), 2.95 (m, 4H), 

15 3.02 (s, 3H), 4,4-5.4 (broad s, 2H), 742 (s, 1H), 7.50 (m. 2H). 

Step C : Preparation of 1 ,34)ftiydro^Methanesuif6namido-1 -oxo-1 f -{2-<2-pyridyM ■ethyllsptroghMn- 
dene-2.4'-piperidine] 

A solution of 0.38 g (1.3 mmoles) 1,3«iihycin>^methane$u]f6namW^ 
dine], 0.41 g (3.9 mmoles) 2-vinylpyridine and 0.074 ml (0.078 g, 1.3 mmoles) acetic acid in 2.6 ml methanol 

20 was heated at reflux for 18 hours. The solvent was removed in vacuo and the residue was purified by flash 
chromatography on silica gel eluting with methanol : chloroform (5 : 95). 

The material obtained was crystallized from 1 : 20 methylene chloride : ether to give 0.37 g (71 %) product, 
m.p. 209-212°C. 

Anal. CalC. for C^HjsNaOsS-O^OfCaHfi^OJS H^O : 
25 C, 61.19 ;H, 6.71 ;N,9.8Z 

Found : C t 61.25 ; H, 6.55 ; N, 9.87. 

EXAMPLE 38 

30 1 ,3-Dlhydro-1 4iydroxy-6-methanesulfcmarnldo-1 f -[2-(2-pyrldyl)-1 -ethyl)splrot2H-indene-2 f 4 i -plperidine] 
To a solution of 0.120 g (0.30 mmd) 1 ^aiydro-6-rnethanesulfbnamldo-1-oxo-1 42-(2-pyridyI)-1-ethyi]8pi- 
ro[2H-lndene-2,4'-piperidfne] in 1 ml ethanoi under argon was added 0.010 g (0.30 mmmol) sodium borohyd- 
ride. Added at 30 minutes intervals were 0.010 g (0.30 mmd), 0.005 g (0.15 mmole), and 0X05 g (0.15 mo!) 
portions of sodium borohydride. The reaction mixture was stirred 30 minutes, quenched with 3 ml saturated 

35 ammonium chloride solution, diluted with 1 ml water and extracted with 3 x 10 ml methylene chloride. The com- 
bined extracts were washed with 3 ml water and brine, dried, and the solvent was removed in vacuo to give 
0.1 1 5 g (96%) crude product as an oil. This was crystallized from 1 : 20 methylene chloride : ether to give 0.096 
g (80%) product, m.p. 178-182°C. 
Anal. CalCd. for CztH^NsOaS^.IO (CjHsfeO.O^O HjO : 

40 C, 61 .49 ; H, 6.99 ; N, 1 0.05. 

Found : C, 61.66 ; H, 6.90 ; N, 10.11. 

EXAMPLE 39 

45 1 jS-Oihydro-e^nethanesulfonamido-l '-{2-I4-(methanesulfonamido)phenyll-1 -ethylH -oxospiro[2H-ln- 
dene-2,4'-piperidine 

Step 1 Reaction of a mixture of 0206 g (0.70 mmole) 1,3Klihydro-6^ethanesuif6namido-1^xospiro[^ 
tndene-2,4'-piperidine] 0.071 g (0.85 mmole) sodium bicarbonate and 0.173 g (0.75 mmole) 4-nitrophenethyl 
bromide in 1.5 mi ethanoi was carried out by the procedure of Example 33 to give 0.145 g (47%) 1,3-dihydro- 
so 6-iTwthanesuffbnarrrido-142H4-nitro as a solid foam, 

m.p. 73-77°C 

Step 2 Reduction of 0.142 g (0.32 mmole) of the above nitro-compound "m 12 ml acetic acid with 129 ml 
(1.5 mmoles) of 15% titanium (HI) chloride solution in 20-30% aqueous hydrochloric acid according to the pro- 
cedure of Example 37, Step A, followed by evaporation of the aqueous layer, and extraction of the solid residu 
55 with 2 : 98 methanol : chloroform gav 0.27 g crude 1-p-(4^"nophen^H^th^ 
fonamido-1-oxospiroI2H-indene-2 f 4'-piperidin ]. 

Step 3 Reaction of 027 g (approx. 0.32 mmole) of the above crude amino compound with 0.046 (0.40 
mmole) metftanesulfony! chloride and 0.048 ml (0.047 g, 0.60 mmole) pyridine in 2 ml methylene chloride was 
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carried out by the procedure of Example 37, StepAstep2toghre0.043g (27%) product asa gum. T a solution 
0.043 g (0.087 mmole) product In 0.5 ml ethanol was added 0.015 rrt (0.089 mmol ) of 5.9N hydrogen chloride 
in ethanol. The mixture was stirred 30 minutes and the solvent was removed In vacuo . The resldu was crys- 
tallized from 4 : 1 isopropanoi : ether to give 0.027 g (59%) hydrochloride salt, m.p. 174-1 80°C. 

5 

EXAMPLE 40 

3Ai)ihydrp-lHixo-iq2^2H3yrtc^ 4'-piperidlne] 
Step A : Preparation of Ethyl^.4^ihydrt)-1-c*re^ 

10 To a solution of 232 g (20.0 mmoles) 1-tetralone and 9.0 g (30.0 mmoles) ethyl Ks(2-brofnoethyl)carba- 
mate (S. Huybuchts and GJ. Hoomaert, Synth. Commum., 11, 17 (1981) In 20 ml dry dimethytformamide 
heated to 50°C under argon was added in portions 2.00 g (50.0 mmol) of 60% sodium hydride dispersion is 
mineral ofl. The mixture was stirred 14 hours at 50°C and the solvent was removed in vacua The residue was 
taken up in 50 ml ether, quenched with 5 ml saturated ammonium chloride solution, diluted with 10 ml water, 

15 and the layers were separated. The aqueous layer was extracted with 2 x 50 ml ether. The combined extracts 
were washed with 2 x 15 ml water and brine, dried, and the solvent was removed in vacuo to give 7.77 g crude 
product as an ofl. This was purified by flash chromatography on silica gel eluting with ethyl acetate : hexane 
(30 : 70) to give 1.47 g (26%) product as an ofl ; 'H NMR (deuteriochlorofoim) : 6 1.26 (t, 3H), 1.52 (m, 2H), 
1.97 (m. 2H), 2.06 (t, 2H), 3.01 (t, 3H), 3.59 (m, 4H), 4.14 (q t 2H), 7.24 (t. 1H) ( 7.31 (t, 1H), 7.97 (m, 1H), 8.01 

20 (d, 1H). 

Step B : Preparation of 3 > 4-D^ydro-1-oxospiro[naphthalene-2(1H) l 4 > -piperidine] 

Asdution of 1.84 g (6.4 mmoles) ethyl 3,4^Mn>1-<>^^ na F^^ en ^ 1 ^ 4 'P^^ lne J 32 ^ 
ethanol and 16 ml of 50% potassium hydroxide solution was heated at reflux for 18 hours. The solution was 
concentrated in vacuo to remove ethanol and the aqueous residue was extracted with 3 x 40 ml ether. The 

25 combined organic extracts were extracted with 2 x 40 ml 3N hydrochloric acid. The combined aqueous extracts 
were made basic with 10N sodium hydroxide and extracted with 3 x 75 ml ether. The combined organic extracts 
were washed with 20 ml water and brine, dried, and the solvent was removed in vacuo to give 1.07 g (787) 
product as an ofl ; H NMR (deuteriochloroform) : 8 1.52 (m, 2H), 1 .81 (broad s, 1H), 1 .96 (m, 2H), 2.10 (t, 2H), 
2.90 (m, 2H), 3.00 (m, 4H), 7.22 (d, 1H), 7.30 (t, 1H), 7.46 m 1H), 8.01 (d, 1H). 

so Step C : Preparation of 3,4-Dihydro-1-c^1M2^^c^ 

Asdution of 0.32 g (1.5 mmoles) 3,4^hyo^1-c*ospiro[naphtha!e 0.47 g (4.5 

mmoles) 2-vinylpyridine, and 0.086 ml (0.090 g, 1.5 mmoles) acetic acid in 3 ml methanol was heated at reflux 
for 1 8 hours. The solvent was removed in vacuo and the residue was purified by flash chromatography. The 
material obtained was dissolved in 40 ml ethyl acetate. The solution was washed with 5 mJ saturated sodium 

35 bicarbonate solution, water, and brine, dried, and the solvent was removed in vacuo to give 0.35 g (73%) product 
as an ofl. 

To a solution of 0.35 g (1 .1 mmoles) product in 2 ml ethanol was added 0.37 ml (2.2 mmoles) of 6N hydogen 
chloride in ethanol. The solution was diluted with 1 ml ether to give a precipitate which was filtered off to give 
0.34 g (79%) dihydrochloride salt, rap. 182-184°C. 
40 Anal. CalCd. for C2iH24N2O-2Ha-0^5H2O: 
C, 63.11 ;H, 6.73 ; N, 7.01. 
Found : C, 63.13 ; H, 6.66 ; N, 7.05. 

EXAMPLE 41 

45 

3.44)?hydn>14iydroxyi1M2K2^yn^^ 

To a solution of 0.098 (0.25 mmole) 3,4HJlhydro-1^oo-1'-P^2^ 

(1H),4'-piperidine] dihydrochloride salt in 1 ml ethanol was added 0.026 g (0.75 mmole) sodium borohydride. 

Added at 30 minutes intervals were 0.009 g (025 mmole) and 0.009 g (025 mmole) portions of sodium borohyd- 
50 ride. The reaction mixture was stirred 30 minutes, quenched with 3 ml saturated ammonium chloride solution, 

diluted wtth 1 mi water, and extracted with 3 x 10 ml methylene chloride. The combined extracts were washed 

with 3 ml water and brine, dried, and the solvent was removed in vacuo to give 0.075 g (93%) crude product 

as an oD. This was purified by flash chromatography on silica gel eluting with 10 : 90 methanol : chloroform to 

give 0.055 g (68%.) product as an ofl. 
55 T a solution of 0.051 g (0.16 mmole) product In 0.5 ml ethanol was added 0.054 iri (0.32 mmde) of 5.9N 

hydrogen chJorid in ethanol. The solution was diluted with 1 mJ ether to give a precipitate which was filtered 

off to give 0.056 g (89%.) dihydrochloride salt, m.p. 198-199°C. 

Anal. Calcd for C^H»N 2 a2HCI-0.35H2O : 
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C, 62.79 ;H, 720 ; N, 6.97. 
Found : C, 62*5 ; H, 7.16 ; N. 6.94. 

EXAMPLE 42 

34^ihydro-7^ethanesuffonamido-1-^ 

Step A : Preparation of 1'^cetyl^4Kiihydro-7-nit^ 

The title compound was prepared by the procedure of Example 36, Step A from 0.82 g (3.8 mmoles) 3,4- 
dihydro-1^ospiro[naphthalene-2(1H),4'-plperfdlne] and 0.76 ml (0.82 g, 8.0 mmoles) acetic anhydride In 10 
ml methylene chloride to give crude 1'^ce^^4-dihydro-1-oxospiro[naphthalene-2 4'-plperidine]. This 
was nitrated with 0.35 g (4.1 mmoles) 90% nitric acid In 11.5 ml sulfuric acid to give 0.54 g (47%) product after 
ethyl acetate crystallization, mp 162-166°C ; 'H NMR (deutertocMorofbrm) : 3 1.55 (m, 2H), 1.95 (m, 1H), 2.12 
(s, 3H), 2.13 (m, 1H). 3.13 (m, 2H), 3.45 (m, 2H), 3.60 (m, 1H), 3.71 (m, 2H), 3.92 (m, 1H), 744 (d, 1H), 8.31 
(dofd.lH), 8.85 (d, 1H). 

Step B : Preparation of 1 , -AcetyK3ADihydn>7«methanesutfonamido-1 -oxosplro[naphthalene-2(1 H),4 f - 
piperidine] 

Employing the procedure of Example 37, Step Apart 1, 0.57 g (1.9 mmoles) 1 '-acetyl-3,4-dihydn>7-nitro- 
lHDxospiro[naphthelene-2(1H),4'-piperidine] in 8 ml acetic acid was treated portionwtse with 8.3 ml (9.6 
mmoles) of 15% titanium (III) chloride solution in 20-30% aqueous hydrochloric acid to give 0.48 g (92%) crude 
1^cetyl-7-amino^ I 4-dmy^ In part 2, 048 g (1.8 mmole) of the 

crude amino compound, 028 ml (028 g, 3.5 mmoles) pyridine, and 025 g (2.2 mmoles) methanesulfonyl 
chloride in 7 ml methylene chloride gave 0.55 g (90%) product as a gum ;HNMR (dewteriochloroform) : 8 1 .52 
(m, 2H), 1.95 (m, 1H), 2.06 (m, 4H), 2.12 (s, 3H), 3.01 (m, 2H), 3.03 (S, 3H), 3.50 (m, 2H), 3.68 (m, 1H), 3.83 
(m, 1H), 725 (d, 1H), 7.35 (broad S, 1H t — NH). 7.53 (d of d, 1H), 7.78 (d, 1H). 

Step C : Preparation of 3,4-Dihydro-7^ethanesulfonam!d^ 
dinelhydrochloride 

A solution of 0.53 g (1.5 mmoles) 1'-acetyt^4^ihydro-7Hnethanesufo^ 
2(1H),4'-piperidine] in 15 ml ethanol and 5 ml 3N hydrochloric acid was heated at reflux for 18 hours. An 
additional 1 0 ml 3N hydrochloric acid was added and the solution was heated at reflux for 5 hours, then cooled 
to room temperature. The solvents were removed in vacuo and the residue was stirred wfth 3 m) ethanol to 
give a solid which was filtered off and dried to give 0.35 g (67%) product, m.p 277-279°C ; H NMR(DMSO-de); 
S 1.70 (m, 2H), 2.00 (m, 2H), 2.06 (t, 2H), 2.94 (t, 2H), 2*8 (s ( 3H), 3.13 (m, 4H), 7.37 (d, 1H), 7.41 (d of d, 
1H), 7.73 (d, 1H), 8.75-8*5 (m, 2H) f 9.91 (s, 1H, CH3SO2NH— ). 

Step D : Preparation of 3,44)ihydm-7-methanesu)fonantid 
lene-2(1H)4'-piperidlne] 

The title compound was prepared by the procedure of Example 36 Step C from 0207 g (0.60 mmole) 3,4- 
dihydn>-7Hrnethanesdtonamido-1-oxospiro[naphthalen hydrochloride salt, 0.126 g (12 

mmoles) 2-vinylpyridine, and 0.098 g (1 2 mmoles) sodium acetate in 2 ml of 1 : 1 methanol : water to give 0253 
g crude product This was purified by flash chromatography on silica gel eluting with 5 : 95 methanol : chloroform 
(activated with ammonia) to give 0206 g (83%) product as an oil. 

To a solution of 0206 g (0.50 mmole) product in 0.5 ml ethanol was added 0.180 ml (1.05 mmoles) 5.9N 
hydrogen chloride in ethanol to give a precipitate. The mixture was diluted with 2 ml ether, the precipftate was 
filtered off and dried to give 0.169 (70%) hydrochloride salt, m.p. 196-197°C. 
Anal. Calcd for C^zfil&frTHa- HjO : 
C, 52.37 ;H, 6.19 ; N, 8.33. 
Found : C, 52.35 ; H, 6.1 1 ; N, 8^6. 

EXAMPLE 43 

3,4^ihydro-7HTiethanesulfonamido-1'^^ 
lene-2(1 H) t 4'-plperidine] 

A mixture of 0.138 g (040 mmol) 3,4-dihydro-7-methanesutfonamklo-1 -oxospiro[naphtha!ene-2(1 H)4'- 
piperidine], hydrochloride salt, 0.168 g (2.00 mmol) sodium bicarbonate, 0.027 g (020 mmol) lithium iodide, 
and 0.129 g (0.44 mmole) 2^4Hmethanesu!f6r»mido)phenyIlethyl methanesutfonate in 10 irt acetonrtrfle was 
heated at reflux for 6 hours. The mixture was cooled and the solvent was removed in vacu . The residue was 
partitioned between 3 ml dflute sodium bicarbonate solution and 10 m) methylene chloride. The layers were 
separated and the aqueous layer was extracted with 10 ml methylene chloride. The combined extracts were 
washed with 1 ml water and brin . dried, and the solvent was removed In vacuo to give 024 g crude product 
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This was purified by flash chromatography on silica gel eluting wfth methanol : chloroform (5 : 95) (saturated 
with ammonia) to give 0.175 g (87%) product as a foam. 

T a solution of 0.175 g (0.346 mmole) product in 1 mi ethanoi was added 0.084 ml (0.38 mmol) 5.9N hyd- 
rogen chloride in ethanoi. The resulting predpftate was filtered off to give 0.129 g (69%) hydrochloride salt, 
mp. 258-260°C. 

Anal. Gated, for C^HaiNsOsSrHCI^^SHaO : C, 52.74 ; H f 5.99 ; N, 7.69. 
Found : C ( 52.69 ; H. 5.70 ; N, 7.65. 



EXAMPLE 44 



1 M2-(24VidyDethyjy2,3-Dihydrosp^ 

A solution of 0.5 g (22 mmol) of 2 f 3-Dihydrt»pircKbenzofuran-2,4'-piperi and 465 mg (4.4 mmol) of 
2-vinylpyridine in 20 mL of 1 : 1 methand/water was treated with 598 mg (A A mmole) of sodium acetate and 
heated to reflux for 1 1 hours. The reaction was then cooled to room temperature and poured into a saturated 
solution of sodium bicarbonate and extracted with ethyl acetate. The ethyl acetate solution was dried over 
anhydrous magnesium sulfate, filtered and concentrated in vacua The hydrochloride salt was prepared in 
ethanoi and re crystallized from ethanol/etherto give 460 mg., 200-202°C. 
Elemental analysis for CuHahfeO^HCM/SHzO 
Calcd : N ( 7.50 ; C, 61.12 ; H, 6.66. 
Found : N, 7.42 ; C, 61.04 ; H, 6.54. 



EXAMPLE 45 



V^4-Methanesutfonamidophenynefty^ 

A solution of 500 mg (2^1 mmoies) of 2>dihydro^iro(benzofa in 10 mL ethanoi was 

treated with 185 mg sodium bicarbonate and 650 mg (2.21 mmoies) of 4-methanesuIfonamldophenethyl mesy- 
late and heated to reflux for 2 hours. The reaction was cooled to room temperature and stored overnight The 
reaction mixture was then poured into saturated sodium bicarbonate solution and extracted with ethyl acetate. 
The ethyl acetate solution was dried over magnesium sulfate, filtered and concentrated in vacua The hyd- 
rochloride salt was generated in ethanoi with excess ethanoiic HQ. The solid was collected and reaystaDteed 
from ethanoi to give 420 mg, mp = 269-271 °C. 
Elemental analysis for CjiH^OaS-HCMttHjO 
Calcd : N, 6.49 ; C. 58.99 ; H. 6.36 
Found : N f 6.55 ; C, 59.00 ; H, 6.48. 



EXAMPLE 46 



1'-(2-(2-Pyridyl)ethy1-2 t 3^ihy^ 

Step A : 1'^Acetyl-Z3^hvdro-5^ethanesulfonamidospiro[benzofa 

A solution of 2.3 g (8.3 mmoies) of 1 VAcetyW,3-dihydro-5-niti^ in 20 mL 

acetic acid and 20 mL water was treated with 35 mL of 15% TiCfe in 20-30% Ha at room temperature. The 
reaction was stirred at ambient temperature for 1.5 hours. The reaction mixture was poured into 500 mL water 
and the pH was adjusted to about 9 with 2N NaOH and saturated NaHC0 3 and the mixture extracted with ethyl 
acetate. The combined organics were dried over magnesium sulfate, filtered and concentrated to give 1.52 g 
residue. This material was dissolved in 15 mL methylene chloride and treated with 1 mL pyridine and 0.570 
mL (7.4 mmole) methanesuifbnyl chloride. After 10 minutes the reaction was poured into 150 mL saturated 
sodium bicarbonate solution and extracted with ethyl acetate. The organics were dried over magnesium sulfate, 
filtered and concentrated. The residue was chromatographed on silica gel eluting with 2.5% 
methand/chloroform to give 1.2 g of product Ml _„ tXMnt 
*H NMR (CDC« 6 7.14 (brs, 1H). 7.00 (dd, J = 2, 8Hz, 1H) 6J&4 (brs, 1H). 6.72 (d, J « 8Hz, 1H) 4.2 (m. 1H), 
3.6 (m, 2H), 3.3 (m, 1H), 3.0 (s, 2H), 2.94 (s, 3H), 2.13 (s, 3H), 2.G5-1.9 (m, 2H), 1.8-1.6 (m, 2H). 

Step B : Preparation of Z3-Oihydro-5^methanesulfon 

Asolution of 1.2 g (3.6 mmole) of r-acety^S'^ihydro^ethane^ 
2,4'piperldine) in 1 5 mL ethanoi was treated with 1 5 mL of 6N HCI and heated to reflux per 6 hours. The reaction 
was poured into water (50 mL) and neutralized with 1 N NaOH and saturated sodium bicarbonate. The aqueous 
mixture was extracted with ethyl acetate, dried over magnesium sulfate, ffltered and concentrated In yao^ to 
give 598 mg of the intermediate 2.34ihydro-5-(metoanesulfon^^ 295 mg 

of which (1 .04 mmole) was dissolved in 20 mLof 1 : 1 methanoi/water and treated with 0.5 mL of 2-vinylpyridine. 
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The reaction was heated to reflux for 6 hours, poured into 100 mL saturated sodium bicarbonate solution, and 
extracted with ethyl acetate. The ethyl acetate solution was dried over magnesium sulfate, filtered and con- 
centrated in vacua The crude material was crystallized from ethyl acetate to give 122 mg, mp = 171-174°C. 
Elemental analysis for C20H25N3O3S- 1 AtQHgC^ 
5 Calcd : N. 1026 ; C, 61.58 ; H, 6.64. 
Found : N, 1027 ; C, 6128 ; H, 6.71. 

EXAMPLE 47 

10 1 '-(2-(2~Fyridyl)ethy1)-2 t 3Kf^^ 

Step A : Preparation of 1'-Benzy^2^lrryo^splro(berg 

The Grignard reagent derived from 19.17 g (132 mmoles) o-fluorobenzylcWortde and 3.32 g (13 mmole) 
Mg turnings in 200 mL ether was treated with 25 g (132 mmoles) of N-benzyl-3-piperidone in 200 mL THF at 
room temperature. The reaction was stirred at room temperature for 1 hour, poured into 1L HA and extracted 

15 with ether and ethyl acetate. The combined organics were dried over magnesium sulfate, filtered and concen- 
trated in vacuo. The crude material was dissolved in 200 mL dtmethyfformamide and treated with 10 g of 60% 
sodium hydride and heated to 110°C for 1 hour. The reaction was cooled to room temperature poured into 1L 
water and extracted with ethyl acetate. The combined organics were then washed with several portions of 1 N 
HCI which was then basified to pH 9 and extracted with ethyl acetate. The ethyl acetate solution was dried over 

20 magnesium sulfate, filtered and concentrated at reduced pressure to give 13.5 g product The hydrochloride 
of a small sample was generated in ethanol and reoystallteed from ethyl acetateftnsthylene chloride to give 
product with mp = 207-209°C. 

Elemental analysis for C^NO-HCI Calcd : N, 4.44 ; C, 7225 ; H, 6.97. 

Found : N, 4.38 ; C, 7Z07 ; H, 7.04. 
25 Step B : Preparation of 2 t 34)ihydrospiro(benzofuran-2^ , -piperidine) 

A solution of 13 g (46 mmole) of r^enzyt-2,3^ihydrospiro(ben2Mfuran-2,3'-piperidine) in 100 mL 

dichloroethane was treated with 7.31 g (52 mL, 51 mmoles) of l^oroethyichlorofonrnate at room temperature 

for 1/2 hour. The reaction mixture was concentrated and the residue dissolved in CH3OH and heated to reflux 

for 1/2 hour. The methanol was evaporated at reduced pressure, and the residue partitioned between ethyl ace- 
30 tate and 1N Ha. The ethyl acetate layer was discarded and the aqueous phase was basified to pH 9 and reext- 

racted with ethyl acetate. The ethyl acetate solution was dried over magnesium sulfate, filtered and 

concentrated in vacuo to give 82 g product 

'H NMR (CDCI3) S : 72-7.05 (m, 2H) 6.8 (t, J * 6Hz, 1H), 6.78 (d, J = 8Hz, 1H), 305-295 (m, 4H). 2.82-2.7 (m, 
2H), Z08-1.5(m, 4H). 

35 Step C : 142-(2-PyridyQethyQ-2 t 3^ilrydrospiro(benz dihydrochloride 

A solution of 500 mg (2.64 mmoles) of 2,3^r^drospbx)(bern^ran-2 t 3'-piperidine) and 2-vinyf pyridine (1 

g) in 20 mL methanol was treated wfth 3 drops of acetic acid and heated to reflux for 16 hours. The reaction 

was then cooled, poured into 50 mL saturated sodium bicarbonate and extracted with ethyl acetate. The 

organics were dried over magnesium sulfate, ffltered and concentrated in vacuo . Chromatography on sflica get 
40 eluting with 3% methanoi/cWoroform gave 420 mg. The hydrochloride salt was prepared with excess ethanolic 

HCI in ethanol and crystallized from isopropanol to give 200 mg of product with m,p.=187-189°C. 

Elemental analysis for CuH^O-WCMMHsO 

Calcd : N ( 7.53 ; C, 61.37 ; H, 6.69. 

Found : N, 7.49 ; C, 6126 ; H, 6.73. 

45 

EXAMPLE 48 

1^2-(2-PyridyI)ethyl>2,3Kiih^ 
rochioride 

so Step A : Preparation of 1 > -acetyt-2,3^hydro-5-n?trospiro(benzofura 

A solution of 72 g (38 mmoles) of 2^ihydrospiro(berzofurarH2^ r -piperidine) in 100 mL methylene 
chloride at room temperature was treated with 427 g (3.95 mL, 41.8 mmoles) of acetic anhydride and 3.84 g 
(529 mL, 38 mmoles) of triethylamtne. The reaction was stirred at room temperature for 1 hour, poured into 
400 mL saturated sodium bicarbonate, and extracted with ethyl acetate. The thyi acetate solution was dried 

55 over magnesium sulfate, filtered and concentrated In vacuo to give 8.3 g crude acetamide. This material was 
dissolved in 100 mL acetic acid and treated with 5mL(d = 1.49) nftric add. The reaction was heated gently to 
50°C over 1/2 hour and then 80°C for 5 minutes. The reaction was cooled to room temperature and poured 
into 1 L of water and the pH adjusted to 9 wfth 1 N NaOH and saturated sodium bicarbonate. The aqueous mixture 
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was extracted several thtes with ethyl acetate. The ethyl acetate layers were combined, dried over magnesium 
sulfate, fBtered and concentrated In vacua The residue was chromatographed on sfllca gel using 20% 
hexano/ethyl acetate as eluant to give 5.7 g of product mp = 1 65-1 67°C. 

Step B : Preparation erf 1'-acetyl2.:^Ihydro-5-me 

Prepared rn an analogous manner to that described in Example 46, Step A to give product with mp = 201- 
203°C. 

Step C : Preparation of 2 f 3^aiydn>^methanesuifonamido>splro 
rochl oride 

A solution of 3.6 g (11.09 mmole) of 1'-Acetyl-2 f ^hydn>^-methanesuffon^ 
piperidine) in 100 mLethanol was treated with 50 mL 6N hydrochloric acid and heated to reflux for 18 hours. 
The reaction was concentrated to dryness and the residue crystallized from ethanol to give 2.77 g of products 
mp = 243-244°C. 'H NMR (DMSO) S 9.6 (brs, 1H). 9.4 (s, 1H). 7.11 (d, J = 1.6 Hz. 1H). 7.0 (dd f J = 1.6, 8.5 
Hz). 6.70 (d, J = 8.5Hz. 1H), 3.5-2.8 (m, 6H), 2.88 (s, 3H), 2.0-1.30 (m, 4H). 

Step P : Preparation of 1^2^pyridyl)ethylV2.3-dihydro^^ 
piperidine) dihydrochloride 

A solution of 400 mg (1.25 mmoles) of 2 f 3^ihydro-5^ethanesurfonairM 
dine)hydrochIoride in 20 mL ethanol was treated with about 1 g of 2-vinyl pyridine and heated to reflux for 2 
hours. The reaction was cooled to room temperature, poured into 100 mL saturated sodium bicarbonate solu- 
tion, and extracted with ethyl acetate. The ethyl acetate extracts were combined, dried over magnesium sulfate, 
filtered and concentrated in vacuo. Chromatography on silica gel eluting with 3% CH 3 OH/Chloroform gave 410 
mg product as a free base. The material was dissolved In ethanol and treated with excess ethandic HCI to 
generate the hydrochloride salt, which was crystallized from ethanol to give 360 mg of product ; 230-234°C. 
Elemental analysis for CajH^QsS^HCi 
Cacld : N, 9.12 ; C, 52.17 ; H, 5.91. 
Found : N, 9.05 ; C, 52.51 ; H, 6.10. 

EXAMPLE 49 

1 '42-(444itrophenyQethy^ oxalate 
A solution of 1 g (3.1 mmole) of£3«iihydro-5^etttanesu^ 790 
mg (3.45 mmole) of p-nitrophenethylbromide, and 588 mg (7 mmole) sodium bicarbonate was heated to reflux 
overnight The reaction was cooled to ambient temperature, poured Into 100 mL saturated sodium bicarbonate 
and extracted with ethyl acetate. The extracts were dried over magnesium sulfate, fitered and concentrated 
in vacuo to give 440 mg product as a free base. A small sample was treated with oxalic acid and crystallized 
from - ethanol to give 89 mg of product mp = 147-151°C. Elemental analysts for 
CziH^NsOsSCiHjO^AIH^I^CzHeO) 
Calcd : N, 7.68 ; C, 51.63 ; H, 5.34. 
Found : N, 7.75 ; C. 51.51 ; H, 5.13. 

EXAMPLE 50 

1i(2^4-Methanesuffonamidophenylte^ 
piperidine)oxalate 

A solution of 0.92 g of lX2-(4-nitrophenyl>*thyl)-2,3Kflr^ 
2,3'-piperidine In 10 mL acetic acid was converted into the product by a procedure analogous to that described 
in Example 48, step B. The product was isolated as the oxalate salt to give 198 mg of product ; mp = 141-150°C. 
Elemental analysis for C^H^OgSrC^H^ 
Calcd : N, 7.37 ; C, 50.60 ; H. 5.4a 
Found : N, 7.34 ; C, 50.48 ; H, 5.29. 

EXAMPLE 51 

y^2-(4-Nltrophenoxy)eth^ 

ste 

— This product was prepared in a manner analogous to that described for Example 49 except that p~ 
Nitjophenoxyethyt bromide is used instead of p-Nitrophenethylbromide to give product with mp = 129-135°C. 
Elemental analysis for 
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CMH^NaOeSCaH^i/aCsHeO 
Calcd : N, 7.54 ; C. 51.75 ; H f 5.15. 
Found : N, 7.39 ; C, 51.48 ; H, 5.31. 

s EXAMPLE 52 

1M2^2^dy1)ethyl)-3,4^hydrosptr^ 

Step A : Preparation of 3,4-Dihydrospiro-1M>enzyl-2H-1-^ 

A solution of 5 g (36 mmole) of ortho hydroxyacetophenone and BJ2 g (36 mmole) of N-benzyl-3-piperidone 
10 in 200 mL methanol was treated wfth 5.24 g (72 mmole) of pyrrolidine and heated to reflux for 4 hours. The 
reaction was cooled to room temperature concentrated in vacuo and partitioned between ethyl acetate and satu- 
rated sodium bicarbonate. The ethyl acetate solution was washed with 1N Ha which was then basffied to pH 
9 and reextracted with ethyl acetate. The ethyl acetate layer was dried over magnesium sulfate* filtered and 
concentrated in vacuo. The residue was chromatographed on sQca gel eiuting with 20% ethyl acetate/hexanes 
15 to give 8.1 g product A small portion was treated with excess ethanolic HCt and crystallized from 
CH3OH/C2H6OH to give product with mp = 255-258°C. Elemental analysts for 
QzoHziNOrHCI 

Calcd : N, 4.07 ; C, 69.85 ; H, 6.45. 
Found : N, 4.05 ; C, 69.73 ; H, 6.54. 
20 In a manner analogous to the above Step A except substituting 5-Acetamido2-hydroxyacstophenone for 
ortho hydroxyacetophenone there was produced 6-Acetamtdo^,4^ihydrospiro-1M>enz^ 
2,3'-pipertdine-4-one t mp = 262-265°C. 

Step B : Preparation of 3 f 4^Ihyrfrospiro-[(2HH^rra 

A solution of 20.3 g (66 mmole) of 3,4^foydrapliT>-r-benzyl-2^ in 200 mL 

25 dichloroethane at room temperature and was treated with 7.4 mL (1 0-38 g, 72 mmole) of archloroethyl chlorofor- 
mate. The reaction was heated to reflux for 1/2 hour, cooled to room temperature concentrated In vacua The 
residue was dissolved in 200 mL of methanol and heated to reflux for 1/2 hour. The reaction was then cooled 
to room temperature and concentrated to 1/4 volume. The solid was collected to give 14.1 g of product, mp = 
273-274°C. 

30 Step C : Preparation of 1M2^yridyt)ethyfr3,^^ 4-one 
hydrochloride 

A solution of 520 mg (2.05 mmole) of 3,4^ihydn>-2H-1^enzopyrarv.2 f 3'-pipen<r^ hydrochloride 

in 15 mL methanol was treated with 237 mg (2-25 mmole) of 2-vinylpyridine and heated to reflux for 48 hours. 

The reaction was cooled to room temperature, poured into 50 mL of saturated sodium bicarbonate and extracted 
35 with ethyl acetate. The ethyl acetate solution was dried over magnesium sulfate, filtered and concentrated in 

vacuo. The hydrochloride salt was prepared in ethanol with excess ethanolic HCL The solid was collected to 

give 188 mg of product ; mp 195-198°C. 

Elemental analysis for C 20 hbN2O r HCL-1/2H4O 

Calcd : N, 6.93 ; C, 59.40 ; H, 6.23. 
40 Found : N, 6.40 ; C, 59.53 ; H, 6.20. 

EXAMPLE 53 

142^4^ethanesulfonainidopheny0eW 
45 oxalate 

A solution of 560 mg (258 mmole) of 3,4Kiihydrospirol(2HM-benzopyra in 20 mL 

ethanol was treated with 880 mg (3 mmoles) of 2^4-methanesulfonamidophenyl)ethyi mesylate and 0.5 g 
sodium bicarbonate and heated to reflux for 48 hours. The reaction was cooled to room temperature, poured 
into saturated sodium bicarbonate and extracted with ethyl acetate. The ethyl acetate solution was dried over 
50 magnesium sulfate, filtered and concentrated in vacua The crude material was treated with 1 eq. oxalic acid 
and the salt was re crystallized from acetone to give product with mp = 204-2 10°C. Elemental analysis for 
C a H 2B N 2 04S-C 2 H 2 04.1/2HiO 
Calcd : N, 5.45 ; C, 56.12 ; H, 5.69. 
Found : N, 5.52 ; C, 56.35 ; H, 5.54. 

55 

EXAMPLE 54 

1^2K4-Methanesulfonamldopheno^ 
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oxalate hemlhydrate 

Prepared in a manner analogous to the previous Example 53 except that 2-(4-Methanesuifbnami- 
dophenaxy)ethyl bromide was used instead of 2-(4-methanesuffbramidophenyI)ethyl mesylate. The product 
hadmp = 175°C. Elemental analysis for CtJti^^^CzHfiri^Hfi 
5 Calcd : N, 5.32 ; C, 54.43 ; H, 5.51. 
Found : N, 530 ; C, 54.22 ; H, 5.44. 

EXAMPLE 55 

10 6^ethanesutfonamido-1'^ 
one hydrochloride 

Step A : Preparation of 6-MethanesuI^^ 
dine]-4-one 

A solution of 123 g (33.47 mmoJe) of S^cetamklo-S^ihydrospiro-I '-benzyl-2-H-1-ben2opyran-2,3'- 
15 piperidine-4-one in 200 mL ethand was treated with 80 mL of 6N HO and heated to reflux for 5 hours and then 
stirred at room temperature overnight The reaction was concentrated to 1/4 volume and then poured into 300 
mL water. The pH was adjusted to 9 with 2N NaOH and saturated sodium bicarbonate, and extracted with ethyl 
acetate. The ethyl acetate solution was dried over magnesium sulfate filtered and concentrated in vacua The 
10.2 g of crude material was dissolved in 100 mL pyridine and treated with 2.7 mL (3.99 g, 34 mmole) 
20 methanesuffonyi chloride. The reaction was stirred at room temperature for 3 hours, evaporated to -1/4 volume 
and poured into a mixture of ethyl acetate and saturated sodium bicarbonate. The layers were separated and 
the aqueous phase extracted several times with ethyl acetate. 

The combined organics were dried over magnesium sulfate, filtered and concentrated in vacuo . The resi- 
due was chromatographed on sBica ge! eluting with 3% methanol/chloroform, to give 12.2 g product which was 
25 oystallfeed from ethyl acetate to yield 9.2 g, mp = 150°C. Bemental analysis for C^hW^S-IAK^HaOa 
Caicd : N, 6.63 ; C, 62.53 ; H, 6.15. 
Found : N, 6.64 ; C, 62.52 ; H, 6.17. 

Step B : Preparation of 64deftanesuIfonamido-3,4^ihydrospi^ 
one hydrochloride 

30 A solution of 7 g (17.47 mmols) of 6^ethanesuifonamido-1'-benzyW,4^i 

2,3'-piperidineH-one in 250 mL dichloroethane was treated with 5.6 g (43.7 mmole) of diisopropyiethylamlne, 

and 6.24 g (43.7 mmoles) of 1-chIoroethyl chtoroformate. The reaction was stirred at room temperature for 24 

hours and then poured into 500 mL saturated sodium bicarbonate, and extracted with ethyl acetate. The ethyl 

acetate layers were washed with dilute acid to remove excess diisopropyiethylamlne. The ethyl acetate solution 
35 was then dried over MgSO* ffltered and concentrated in vacuo. The crude material was dissolved in 250 mL 

CH 3 OH and heated to reflux for 24 hours. The reaction mixture was cooled to room temperature and the solid 

collected by filtration to give 4.1 g of product, mp = 290°C. 

Step C : Preparation of 6-Methanesuifonamido-1 M2K2^yndyl)ethyl>^ t 4HJlhydrospiro-[(2H)-1 -ben- 

zopyran-2,3'-piperidineH-one hydrochloride hydrate 
ao Prepared according to the procedure as described previously In Example 52 Step C starting with 6- 

methanesulfonamido^ f 4KJihydrospiro-2 mp = 205-210°C. 

Bemental analysis for C21H25N3O4S2HCIH2O 

Calcd : N, 8.29 ; C, 49.80 ; H, 5.77. 

Found : N, 8.28 ; C. 49.95 ; H, 5.62. 

45 

EXAMPLE 56 

6^cetamido^,4^ihydrospifQ^ 
dihydrochioride 

50 A solution of 1 .3 g (4.7 mmoles) of 6^tamido^,4^ihydrosplro(2H-1^ 

in 20 mL CH3OH was treated with 560 mg (4.7 mmole) of 2-vinyl-6-methyl pyridine and 5 drops of acetic add 
and heated to reflux for 36 hours. The reaction was cooled to room temperature, poured Into 100 mL sard 
NaHCOs, and extracted with ethyl acetate. The ethyl acetate s lutton was dried over mag nesium sulfate, filtered 
and concentrated at reduced pressure. The free base was dissolved in ethanol and treated with ethanolic HCJ. 

65 The dihydrochioride separated and was collected by filtration to give 61 0 mg of product 
mp » 214-217°C. Elemental analysis for 
CaHzTNaOs^HCi^HjO 
Calcd : N, 8.75 ; C, 57.56 ; H. 6.40. 
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Found : N, 8.74 ; C, 57.76 ; H, 6.08. 
EXAMPLE 57 

1 42K2-Benzofurazan-4^ethylE dlhyd- 
rochloride (L-692.184) 

A mixture of 0.2 g (0.000716 mol) of spiro [1^ettiy1-5-^thanesulforiarnldoindolin9-3 ( 4'-pip9i1dine], 0.325 
g (0.00143 moO of 5-(2-bromoethyf) benzfurazan, 0.1 1 9 g (0.00071 6 mol) of potassium iodide, 0.241 g (0.00286 
mol) of sodium bicarbonate, and 15 ml of absolute ethano! was stirred and refluxed for 24 hours. The mixture 
was filtered and the titrate was evaporated to dryness. The residue was purified by chromatography on silica 
gel using 5% methanol in chloroform as an etuant The purified product was converted to its hydrochloride salt 
RecrystaHization of this salt from methanoHsopropyt alcohol gave the title compound, mp 241-250°C (dec). 
Anal. Calcd. for CzjHztNsQsS^HCI : 
C, 51.36 ;H, 5.68; N, 13.61. 
Found : C, 51.01 ; H, 5.53 ; N, 13.42. 

EXAMPLE 58 

6-Methanesuffonairtidch3,4<liry^ 
dine]-4-one 

A solution of 1.3 g of 6^cetamido^,4^hydro~1'^2-(2-^ 
piperidine>4-one in 20 mL methanol was treated with 1 0 mL 6N Ha heated to reflux for 4 hours. The reaction 
was cooled to room temperature, concentrated to dryness, and partitioned between ethyl acetate and saturated 
sodium bicarbonate. The ethyl acetate layers were dried over magnesium sulfate, filtered and concentrated. 
The crude material was dissolved in 10 mL pyridine and treated with 460 mg (4 mmoles) of methanesulfonyl 
chloride. The reaction was stirred at room te mpera ture for 5 hours, concentrated to 1/2 volume and poured into 
saturated sodium bicarbonate solution. The mixture was extracted with several portions of ethyl acetate. The 
ethyl acetate layers were dried over magnesium sulfate, filtered and concentrated in vacuo . The free base crys- 
tallized from ethyl acetate to give 206 mg of product mp = 176-178°C. Elemental analysis for C^HzjNsC^S 
Calcd : N, 9.78 ; C. 61.51 ; H, 6.33. 
Found : N, 9.65 ; C, 61.32 ; H, 6.34. 

EXAMPLE 59 

6-Memanesu1fonarnido-3,4-dihydrc-1M2^ 
2,4'-pipertdtneH-one 

This compound was prepared in a manner analogous to that of Example 58 and isolated as the hyd- 
rochloride salt to give 240 mg of product mp = 285-288°C. Elemental analysis for CsH^sQeS-HCl 
Calcd : N, 7.72 ; C, 50.77 ; H, 5.55. 
Found : N, 7.70 ; C t 50.84 ; H, 5.62. 

EXAMPLE 60 

1,4-Dihydro-1'-g-(4-metrtanes 
3\4 / -piperidine1hydrochloride 

Step A : Preparation of I^Dihyotel'-rnethyl^-nto 

1,4-Dihydn>-14methyl^^ hydrochloride (4.05 g, 15.1 mm) was 

stirred while suspended in 30 mL of concentrated H2SO4 cooled to 0°C. Nitric Acid (0.95 mL of d - 1.49) was 
added dropwise over 5 minutes and the mixture stirred at 0°C, for 3 hours. The reaction mixture was then poured 
onto ice (200 grams) and the pH adjusted with 40% aq. NaOH to pH 10 while the temperature was kept below 
20°C with external cooling. Extraction with CH2QI2, drying the organic portion (Na^O^, and concentration to 
dryness gave 3.70 grams of product as a pale pink solid (88% yield). 

'H NMR (CDCI3) 5 : 1.82 (m, 2H) ; 1.98 (m, 2H) ; 2.34 (s, 3H) ; 2.52 (dt 2H) ; 2.62 (dt, 2H) ; 3.13 (s, 2H) ; 7.47 
(d, 1H) ; 8.40 (dd, 1H) ; 8.94 (d, 1 H). 

Step B : Preparati n of 1 ,4-Dihydro-1 '-methyl-7^ethanesulfonamidc^p^ 
plperidin-1-one] 

9.00 grams (32.6 mm) of 1 ,4-dihydrc-1^4nethyi-7-n^ -lone] was 

dissolved in THF (175 mL) and stirred whfle 36 grams (160 mm) of SnCt r 2(H20) was added in one portion. 
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The mixture was heated to 65°Cfbr3 hours and then poured Into 400 mL of saturated aqueous NaHCQs- This 
was extracted with CHO* (5 x 400 mL), the organic layer dried (NajSO*) and concentrated to a solid to give 
quantitative recovery of crud anOino lactone. This material was redissolved in pyridine (1 00 mL) cooled to 0°C, 
and treated with 4.2 mL of methanesuHbnyl chloride. After stirring for 15 hours at 25°C, the mixture was diluted 
with 1 .0 liter of CHCfc and washed with 50 mL of saturated aqueous NaHCOs- The organic portion was dried 
(Na2S0 4 ) and concentrated to an oily residue which was redissolved in 100 mL of CHaCt* The product crys- 
tallized on standing at 25°C to give after isolation and drying in vacuo 9.0 grams (85%) of a white solid which 
contained 1/2 mole of CHjClz by 'HNMR. 

'H NMR(CDCl3):S: 1.79 (m, 2H) ; 1.98 (m. 2H) ; Z33 (s. 3H) ; 2.45-2.75 (m. 4H) ; 3.00 (s, 2H) ; 3.06 (s. 
3H) ; 7.27 (d, 1H) ; 7.56 (dd, 1H) ; 7.82 (d, 1H). 

Step C : Preparation of 1^4-DIhj^ro-l^^ 

pipendine^^^ ^ 1(4 ^ihydro-14methyi)-7HnethanesuifonamW 

1-one] (1.5 g) In THF (15 ml) at 0°C under nitrogen was added a 1.0M lithium aluminum hydride in THF (5.55 
ml). The reaction was stirred at 0°C untB complete and then quenched by addition of saturated brine. Methanol 
(50 ml) was added and the reaction filtered through a cake of Na^O* The NajSC^ cake was washed with 
methanol (300 rrt) and the filtrates concentated to a solid. The solid was dissolved in 85% H3PO4 and heated 
to 1 00°C for 30 minutes. The reaction was quenched into Ice/water (100 ml) and chloroform (200 ml) added. 
The pH was adjusted to 8.7 with 40% NaOH and the chloroform layer was separated. The aqueous layer was 
washed with chloroform (250 ml), the organics were combined, dried over Na^CU and concentrated to a solid 
(1.3 g). Crystallization from ethyl acetate/hexanes yielded 0.9 g of product 

'H NMR (300 MHz, CDCI3) S : 7.08 (d. 1H), 7.0 (d. 1H) ( 6.92 (s, 1H), 4.7 (s, 2H) f 3.0 (s. 3H). 2.65 (s, 2H), 2.55 
(m. 2H). 2.4 (m, 2H). 2.30 (s. 3H) 1.8 (m. 2H) 1.6 (m, 2H). 

Step D : Preparation of 1 ,4^1hydro-7^efranesutfonamkfr^ 
ro chloride 

ToT" solution of 1 ,4-dihydro-1 '^ethyl-7-n^anesulfonamidCK^ 
(0.575 g) and N f N, N\ N'4etramethyl-1,8-napthalenediamine (proton sponge) (0.6 g) in dichloroethane under 
nitrogen at 0°C was added 1-chloroethyl chlorofbrmate (0.613 ml). The mixture was stirred at reflux for 2 hours, 
cooled ffltered through sBca gel (20 g) and the product eluted with ethyl acetate. The eluate was concentrated 
and the residue dissolved In methanol (20 ml) and refluxed for 18 hours. The reaction was concentrated to a 
foam and crystallized from ethanol/hexanes yielding 0.548 g of product 

'H NMR (300 MHz, DMSO) : 5 8.7 (Broad S, 1H) 8.6 (Broad S, 1H) 7.15 (d, 1H) 7.05 (d, 1H). 6.9 (s, 1H), 
4.7 (s, 2H), 3.1 (m, 4H), 3.0 (s, 3H), 2.65 (s, 2H), 1.85 (m, 2H), 1.7 (m, 2H). 

Step E : Preparation of l.4-Dihydro-1M2^4-methanesu)fonamto^ 
spirof(3H)-2-benzopyran-3,4 f -plperidlneIhydrochloride 
AnTbSffToM^^^ 

(0.080 g). and the 2-[4^methanesuIfonamido)-phenyI]ethyl methanesulfonate (0.106 g), Kl (0.020 g), and 
sodium bicarbonate (0.061 g) in CH3CN was refluxed for 24 hours. The reaction was concentrated and 
chromotographed on silica using methylene chloride/methanol (95 : 5) to give upon concentration 0.130 g of 
a white foam. The foam was dissolved in ethanol and an ethanol/HCI solution was added. The resulting slurry 
was diluted with hexanes. filtered and yielded 0.130 g of product, mp 160-163°C. 

Employing the procedure substantially as described in Example 60, Step E but substituting for the 2-[4- 
(methanesuIfonamido)phenyl]ethyl methanesulfonate used therein, the appropriate electrophfles there were 
produced the spiropiperidines described in Table II. 
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TABLE II 





66a 
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TABTrK TT (coat.) 



Exanple -R-M 



66b 



66c 



66d 



660 



66f 



salt ro p. ( e C) 

•IC1 238-245 



•ml 140-142 



1El 234-235 



«HC1 246-248 
0.35 H2O 



•IE1 251 -253 

•0.3 H 2 0 
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TABLE II (cont.) 



Exanple -R-M salt rn p. C 0c ) 

oHCl 254-233 



66g 



66h 



°HCl 230-232 (dec. ) 



* °b:i 211-213 
66i «• 2 ^° 



fOT ^SCl 160-163 

66 j yv^x 1 O. 73 e%o 

<0. 2 EtQH 



o2BCl 202-203. 5 

66Jc " . 0 . 5 IljO 

The compounds of Table lla were prepared from 1,4^ihydro-spiro[(3H>-24)enzopyFan^»4^iperid!ne]hy^ 
rochloride by the method described in Example 92, Step B using the appropriate mesylate or bromide. 
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TABU! iia 



Exanple KM salt npC^C) 

-(CI^) 2 -^>-OTBP ? C^ -HCl 248-250 



661 



66m -CCI«,-@-»b ~ 116 - 118 

66n -CCiW,-0 - 2HC1 174 - 176 



EXAMPLE 67 



3.4^mydro-iq2-(2^yrid^ hydrochloride 
Step A : Preparation of 3,4-Dihydro-spiroK2H)-1^er^ hydrochloride. 

Method 1 

A solution of 2-acetyiphenol (5 g. 0.037 mmol), 1-benzoyW-piperidone (7.5 g, 0.037 mmoO. pyrrolidine (2.6 
g, 0.037 mol) and CH 3 OH (50 ml) was heated at reflux for 8 hours. After cooling to room temperature overnight, 
the solid was filtered to yield 8.2 g of 1'-beraoy^3 f 4^hydro-sp^ The 
mother liquor was concentrated to dryness and the residue triturated with ether to yield an additional 1 .7 g (83% 
total yield). 

A solution of the benzoyl compound (3.2 g, 0.01 mol), in ethanol (50 ml) and 6N HCI (50 mi) was heated 
at reflux. After 1 8 hours, the reaction was concentrated to dryness and the residue was flushed with ethanol 
(3X). The residue was crystallized from ethanoi to yield Z4 g of title compound (92%) ; mp 23S-240°C (ethanol). 
Analysis for C 13 H 15 NOrHa 
Calcd : N, 5.52 ; C, 61.54 ; H, 6.36. 
Found : N, 5.38 ; C. 61.62 ; H, 6.42. 

Method 2 

Utilizing the chemistry described In Method 1 but substituting 1-irathyM-piperidone In place of 1 -benzoyl 
4-piperidone provid d an 82% yield erf the corresponding V-methyl compound ; mp >300°C (ethanol). Analysis 
forCuHnrNOrHCI 
Calcd : N, 5.23 ; C. 62.80 ; H, 6.78. 

Found : N, 5.02 ; C, 62.51 ; H, 6.90. _ . 

A solution of the 1'-methyl compound (1.45 g, 0063 mol) In benzene (30 ml) was added dropwise to a sol- 
utionof 5M CNBrin CH 3 CN (1.5 ml) In benzene (30 ml). The solution was stirred overnight at room temperature 
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and then concentrated to dryness. Th residue was treated wtth acetic acid {66 ml), 12N HCI (8 ml) and Hfi 
(35 mf). The solution was heated at reflux for 4 hours. After stirring at room temperature, the reaction was con- 
centrated to dryness and the residue crystallized from ethanol to yield 1.6 g (75%) of title compound. 
Step B : Preparation of 3,4-OIhydro-1 '^^-pyridyf)-ethyy]splro[(2H^^ 
5 hydrochloride 

A solution of the product from Step A (0.4 g, 0.0018 mol) in ethanol (10 ml) and 2-vinyl pyridine (0.39 g 9 
0.0037 mmol) was heated at reflux. After 18 hours, the reaction was concentrated to dryness and the residue 
was chromatographed on silica gel (Still column, 50 mm). The product was eluted with 20% CH s OH-CHCt 3 with 
2% aqueous NH> The product was crystallized as the hydrochloride salt from CH 3 CN to yield 0.37 g (51 %) of 
10 rifle compound ; mp 229-230°C. 
Analysis for CaoHaNzQ^HCI. 
Calcd : N, 7.09 ; C, 60.76 ; H, 6.12. 
Found : N, 7.06 ; C, 60.70 ; H, 6.17. 

15 EXAMPLE 68 



3,4^ihydro-1^2-r><irtropheny0e%nsp^ hydrochloride hemi- 

hydrate 

Under a mixture of the product of Example 67, Step A (0.91 g, 0.0042 mol), 4-nitrophenethylbromlde 
20 (1.2 g, 0.005 mol), NaHCOs (1.3 g, 0.015 mol) in ethanol (25 ml) was heated at reflux After 1 day, 4- 
nitrophenylethyl bromide (1.2 g) and NaHC0 3 (1.3 g) was added and the mixture heated at reflux an additional 
24 hr. Hie reaction was then concentrated to dryness and the residue was chromatographed on silica gel (Still 
column, 50 mm). The product was eluted with 10% CH 3 OH-CHa 8 and the product crystallized as the hyd- 
rochloride salt to yield 0.45 g (25%) of the title compound ; mp 250-251 °C (CH3CN). 
25 Analysis for CjiHaNaCVHCMfcHaO 
Calcd : N, 6.70 ; C, 60.98 ; H, 5£1. 
Found : N, 6.80 ; C, 61.23 ; H, 5.87. 

EXAMPLE 69 

so 

3 t 4-Dihydto-1X4-pyricM)spiro[g 

A mixture of product from Example 67, Step A (1 .0 g, 0.0046 mol), 4-bromopyridlne (1 .99, 0.0092 mol), 
NaHCOa (23 g, 0.027 mol) in ethanol (40 mi) was heated at reflux. After 24h, K2CQ3 (3.7 g, 0.0027 mol) was 
added and the reaction was heated at reflux. After 24 hour, DMF (25 mi) was added, the ethanol boiled off and 
35 additional 4-bromopyridine (0.5 g) was added. After 24 hours at reflux, the reaction was poured into H2O and 
the aqueous phase extracted with ethyl acetate (3x). The organic layers were dried, fOtered and concentrated 
to dryness. The residue was chromatographed on Silica gel (Still column (50 mn) and the product was eluted 
with 1 0% CH3OH-CHCI3. The product was crystallized as the hydrochloride salt from ethanol to yield 0.4 g (27%) 
of product mp 251-253 °C Analysis for C 18 H 18 N 2 02*HC1. 

40 

Calc 1 d Obs. 
N 8.47 8.30 
C 65.35 65.06 
H 5.79 5.72 

EXAMPLE 70 

50 

3,4-Dihydro-1^2-(2^yridy0eth^ 
dihydrochloride mono-hydrate 

METHOD 1 

55 

Step A : Preparation of 6-acetamido-3,4-dihydro^piro (2H-1-benzopyrarv2-4 , -piperidin H-one 
A solution of4-acetamido-2-acetyipheno! (13 g, 0.067 mol), CH3OH (90 ml), piperidine-4-one -HCt-HgO (1 1 
g, 0.072 mol) and pyrrolidin (10.2 g, 0.14 mol) was heated at reflux. After 20 hr, piperidine-4-one.HCL.H2O 



42 



EP 0431 943 A2 

(1.5 g, 0.01 md) and pyrrolidine (1.7 g f 0.024 mol) were added and the reaction was heated at reflux. After 18 
hr, the reaction was concentrated to dryness and th residue was dry packed with sltca gel. The dry pack was 
added to a Stfli column (100 mm) and the residue eiuted with 10% CH3OH-CHCI3 with 1% aq. NH 3 to yield 35 
g of phenolic starting material and then 11.8 g (64%) of tifle compound. 
5 step B : 6^tamfric)-3,44)ihydro-1'^ 
hydrochloride 

A solution of product from Step A (7.0 g, 0.026 mol), CH3OH (150 ml), 2-vinylpyridine (8,4 ml, 8.2 g, 0.078 
mol) and acetic acid (10 drops) was heated at reflux. After24hr, the reaction mixture was poured into saturated 
NaHCOs and the mixture extracted with ethyl acetate (430. Th© organic extracts were dried, filtered and con- 
to centrated to dryness (quantitative yield). An analytical sample was prepared by crystallization of the HQ salt 
from ethanol, m.p. 228-230°(dec). Analysis for N 3 CV2HCI-3/4 Hp. 







N 9.02 


9.08 


C 56.71 


56.74 


H 5.78 


6.08 



20 Step C : Preparation of 3,4^ihydfo-1M2-{2-pyrfdyl) ethyl}-6^thanesutfonamkk^ 
zopyran^^'-piperidinH-one- dftiydrochloride. monohydrate 

A solution of product from Step B (9.7 g, 0.025 mol) in ethanol (150 ml) and 6 N HCL (150 ml) was heated 
at reflux for 19h. The reaction was then concentrated to dryness and the residue was flushed (2x) with ethanol 
toluene to yield 8.0 g (71%) of deacetylated product The residue was treated with ChfeCl* (250 ml), pyridine 

25 (40 ml) and methanesulfonyl chloride (2 ml, Z96 g, 0.026 mol). After stirring overnight at room temperature, 
the reaction mixture was washed wfth 2.5 N NaOH (3x), the basic layer was adjusted to pH 8-5 and extracted 
with ethyl acetate (5x). The organic extracts were dried, filtered and concentrated to dryness to yield a 6.1 g 
residue which was crystallized as the dihydrochloride salt to yield the title compound. 



30 METHOD 2: 

Step A : Preparation of 1ipergoyt^,4^ihydro^aro-sp^ a"d 
V^enzoyl^A<llhydro^nitrospiro [(2H)-1^enzopyran-2-4'-pipertdenel4-one 

Under HNO3 (15 mi. 1.49 density, 22.3 g, 0.35 mol) was added dropwise to a coded solution of the 
35 1 '-benzoyl product from Example 67, Step A of Method 1 (12.6 g, 0.039 mol) in acetic anhydride (1 20 ml). After 
the addition, the solution was stirred at room temperature. After 3 tours, the reaction was poured Into safd 
Na 2 C0 3 and ice and the mixture was extracted with ethyl acetate (3x). The organic extract was dried, filtered 
and concentrated to dryness. The residue was chromatographed on silica gel (Still column, 100 mm) to yield 
1 .2 g (82%) of the 8-nitro product and then with 50% ethyl acetate-hexane to yield 6.4 g (44%) of the 6-nitro 
40 product 

Step B : Preparation of 6-amino-1'-benzoyl^.4^mydro-sp^^ 

A suspension of the 6-nitro compound from Step A (32 g, 0.0087 mol) in ethanol (200 ml) and acetic acid 
(50 ml) with one teaspoorrful of Raney nickel was hydrogenated at 5 psL After the theoretical amount of H2 was 
absorbed, the mixture was filtered under N2 through a super eel pad and the solution was concentrated to dry- 
48 ness. The residue was partitioned between saturated NaHC0 3 and CHCI3 (3x) and the organic extracts were 
dried, filtered and concentrated to dryness to yield 2.8 g (95%) of title compound. 

Step C : Preparation of 1^nzoyl-3 t 4-dihydro^ethanesulfbnam 
pIperidine}-4-one 

Under N* methanesulfonyl chloride (0.7 ml, 1 g, 0.009 mo!) was added dropwise at room temperature to 
50 a solution of product from Step B (2.6 g, 0.0077 mol) and pyridine (2 ml) in CH2CI2 (80 ml). After 1 8 hours, the 
reaction was poured into dilute acid and the mixture was extracted with ethyl acetate (5x). The organic extracts 
were dried, fltered and concentrated to dryness. The mixture was crystaflized from CHjOH-C^HsOH to yield 
2J2 g (69%) of product ^ ^ . jjt , , 

Step P : Preparation of 3 t 4^ihydro-6-methanesulfon^ 
55 AMon of product from Step C (2.6 g, 0.0063 md) In ethanol and 6 N HCI (40 ml) was heated at reflux 
After 18 hours, the solution was concentrated to dryness. The residue was crystallized from CH3OH-C2H5OH 
to yield 1 3 g (82%) of product mp 285-287°C. Analysis for C^eNASHCL 
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Calc'd 




N 8.08 


7.97 


C 48.48 


48.42 


E 5.52 


5.49 



Step E : Preparation of 3,4^ihydro-1M2^2-pyridyl)et^ 
ZDpyran-2-4'-piperidinH-one dihydrochloride - monohydrate 

10 Under product from Step D (0.5 g, 0.0014 moJ), 2-vinytpyridine (0.36 g, 0.0034 mot), sodium acetate 
trihydrate (0.45 g, 0.0033 moJ), and 1 : 1 CH 3 OH : fyO (5.4 ml) was heated at reflux for 10 hours. The reaction 
was then partitioned between 10% NaOH and ethyl acetate and the organic layer was discarded. The aqueous 
layer was then adjusted to pH 8.5 and extracted with ethyl acetate (3x). The organic extract was dried, filtered 
and concentrated to dryness. The residue was crystallized as the hydrochloride salt from CH3OH to yield 04 

16 g (55%) of product mp 214-215°C. Analysis for C2iH2sN30 4 S-2HC|.H20 



Calc'd 


Found 


N 8.30 


8.41 


C 49.70 


50.00 


H 5.33 


5.51 
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METHOD 3 

Step A : Preparation of 3,4^ihydrc>-1'^ethyl^ttrospiro^^ 

Sulfuric acid (55 ml) was cooled to 0°C and was stirred as 3,4-dihydro-1 '-methyl-spiro[2H-1-benzDpyran- 
30 2,4'-piperidin}4-one (1 1 .56 g, 0.05 mol) was added over 20 minutes. Some gum separated. A solution of 90% 
nitric acid {2JS ml, 0.0525 mol) in sulfuric acid (5 ml) was added over 20 minutes. The mixture was stirred for 
2 hours at 0°C and then for 1 hour at room temperature. A solution resulted but nitration was not complete. 
90% Nitric acid (03 mi, 0.007 mol) was added and stirring was continued for 1 1 hours at room temperature. 
The reaction solution was poured Into a mixture of ice, ethyl acetate, and sodium bicarbonate (210g).The basic 
35 mixture was filtered, the ethyl acetate layer was separated and the aqueous layer was extracted with ethyl ace- 
tate (150 ml). The combined ethyl acetate extracts were washed with saturated NaCI, dried, filtered and con- 
centrated in vacuo to yield 10.6 g (77%) of product 

Step B : Preparation of 3,4-djhydro-6-amlno-rHnethyispiro[(2H)-1-benzopyran^ 
The 3,4Hjihydro-1'^ethyl^itro^ (11.2 g f 0.04 mol) was dis- 

40 solved in acetic acid (200 ml) and was hydrogenated using two lab spoon 9 spatulas of Raney nickel catalyst 
in a Parr shaker. The theoretical amount of hydrogen was absorbed in 4 hours. The reaction mixture was filtered 
under nitrogen and the acetic acid was removed in vacua The residual on was taken up in 3N HCI (150 ml), 
washed with ethyl acetate and neutralized with solid sodium bicarbonate. The product was extracted into ethyl 
acetate (3 % 100 ml), washed wfth sard. Nad, dried, filtered and concentrated in vacuo to yield 7 A g (75%) of 
45 product 

Step C : Preparation of 3,4-dftiydro*6Hnethanesuifona^ 
dinH-one. 

3,4^ihydro-6^irK>-1'HrTteth^ g, 0.0027 mol) was stir- 

red in methylene chloride (50 ml) and pyridine (16 ml) at room temperature under a nitrogen atmosphere as 

bo methanesutfonyl chloride (2.7 ml, 0.035 mol) was added dropwise over several minutes. Some gum separated 
so additional pyridine (25 ml) was added. The mixture was stirred at ambient temperature for 16 hours. The 
m thylen chloride and pyridine were removed in vacuo and the residue was taken up in saturated NaHCQs 
(1 50 ml) and methylene chloride (150 ml). The methylene chloride layer was separated and the aque us phase 
was again extracted with methylene chloride. The combined extracts were washed wfth sodium bicarbonate, 

55 dried filtered and concentrated in vacua The residual mixture was chromatographed on silica gel (500 g) using 
15% methanol/chloroform to yield 3.67 g (50%) of product 

Step D : Preparation of 3,4-dihydro-6-m thanesutfonamido-1'^iro[2H-1-ben^ 
one hydrochloride 
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3,4-DIhydro-&*nethanesutf^^ 0-001 
mol) was dissovled in dry tetrahydrofuran (1 0 ml) and 1 -chloroethyt chtorofbrmate (0.3 ml, 0.003 md) was added 
at room temperature followed by triethytamine (0.37 ml, 0.003 mol). The mixture was stirred fn an on bath at 
70°C for 1 hour. Additional triethylamine (0.13 ml, 0.001 mol) was added and stirring at 70°C was continued 
for 1 hour. The reaction mixture was concentrated to dryness in vacuo . The residue was taken up in chloroform 
(25 ml) and was washed with cold 3N HCL and with water, dried, fitered and concentrated In vacuo to an amber 
oH. This on was refluxed in methanol (15 ml) ova- night The methanol was removed in vacua The residual ofl 
was triturated in ethanol (5 ml) the solid that separated, was diluted with ether (10 ml) and then filtered to obtain 
246 mg (71%) of product 

Step E : Preparation of 3,4Ktihydro-r^-(2-pyridyt)^^ 
2,4'-ptperidineH-one dihydrochloride monohydrate 

Prepared as described in Method 2, Step E of this Example. 

EXAMPLE 71 

3.4^ihydro-1'42K2^yridyI)eth^ hydrochloride hemihy- 

drate 

Step A : Preparation of methyl 1-benzoyM-piperidinylidene acetate : 

Under a mixture of 1-benzoyl-4-piperidone (1 0.2 g, 0.05 mol), methyl (triphenylphosphoranylidene) ace- 
tate (25 g. 0.074 mo!) in toluene (100 mi) was heated at reflux for 7 hours. After stirring at room temperature 
overnight the solid was filtered off to yield 13.9 g (100%) of triphenylphosphine oxide. The mother liquor was 
concentrated to dryness and the residue was treated with acetic acid (42 ml), rfeO, (6 ml) and 12N HCI (6 ml). 
The mixture was heated at 80-85°C with stirring for 15 hours. The reaction was then concentrated to dryness 
and the residue was partitioned between saturated Na^CCfe and ethyl acetate. The aqueous layer was further 
extracted with ethyl acetate (1x), neutralized to pH 3 with 6N HCI and extracted with ethytacetate (4x). The 
organic layer was dried, filtered and concentrated to dryness to yield 72 g (59%) of title compound. 

Step B : Preparation of 3-phenylthio-1'-benzoylspir^ 

Under a solution of product from Step A (10 g, 0.041 mol), thiophenol (9.0 g, 0.082 moi), and (CaH^sN 
(4.1 g, 0.041 mol) in THF (100 mL) was heated at reflux. After 18 hours, tetrabutyiammonium fluoride (1.0 Molar 
in THF, 3 ml) was added. After an additional 24 hours at reflux, the reaction was concentrated to dryness. The 
residue was treated with 5% NaOH and the aqueous extracted with fPJVhP (2x), acidified and extracted with 
ethyl acetate (3x). The organic extracts were dried, filtered and concentrated to dryness. The residue was tritu- 
rated with ether and tittered to yield 13.7 g (96%) of product 

Step C : Preparation of 1 f 4>enzoyl^.4^lhydro^piro4^ 

Under N 2 , a mixture of product from Step B (4.0 g, 0.01 1 md) and concentrated H2SO4 (40 ml) was stirred 
at room temperature. After 18 hours, the reaction was poured onto ice and the aqueous was extracted with 
ethyl acetate (3x). The organic extracts were dried, filtered and concentrated to dryness. The residue was cov- 
ered with ether and the solid was filtered off to yield 2.6 g (84%) of product 

Step D : Preparation of 3 t 4-dihydro-spiror2H-1^nzotrW 

A solution of product from Step C (3.2 g, 0.0095 md) in ethanoi (50 ml) and 6N HCI (50 ml) was heated at 
reflux. After 18 hours, the reaction was concentrated to dryness and the residue crystallized from ethanoi to 
yield 2.9 g (92%) of product 

Step E : Preparation of 3,4^ihydro-1'^2-pyridyl)eft^ 
one'hydrochloride-hemthydrate 

Under N* a mixture of product from Step D (0.54 g, 0.002 mol), 2-vinylpyridine (0.62 g, 0.0059 mol), 
NaHCOa (0.6 g, 0.0071 md) in absolute ethanoi (20 ml) was heated at reflux. After 24 hours, acetic add (4 
drops) was added and refluxing was continued. After 24 hours, HjO (20 rrd), and 2-vinylpyridine (2 mi) were 
added. After another 72 hours at reflux, the reaction was concentrated to dryness. The residue was 
chromatographed on silica gel (Still cdumn, 50 mm) and the product efuted with 5% CH3OH-CHCI3. The com- 
pound was crystallized as the hydrochloride salt from ethanol to yield 0.62 g (80%) of product Analysis for 
CarW^S-HCMfcHA 



Calc'd 


Eonnd 


N 7.27 


7.30 


C 62.23 


62.56 


H 6.11 


6.30 
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EXAMPLE 72 



iq2-2-Pyridyletrryl]spiro[1,3^ercMd 

500 mgs (3.52 mmol) of 1 ,2-^limercaptobenzene and 725 mgs of H2-2'-pyridyiethyJ)^ipe!idone in 15 
5 mL of CH 2 CI 2 were stirred at 25°C whOe anhydrous HCI gas was Introduced. Na^C^ (20 g) was added and 
stirring continued for 24 hours. The whole was diluted with hfeO and made basic with NaOH (20% aq) and ext- 
racted with CH2Q2. The organic portion was dried (N82SO4) filtered, concentrated and flash chromatographed 
over silica gel (5% methanol in CHfeCy to give 420 mgs of free base. The was converted to the dihydrochtoride 
salt 

10 'H NMR (CDCy 6 : 2^2 (t, 4H) ; 2.63 (m, 4H) 2.80 (m, 2H) ; 2.90 (m, 2H) ; 7.00 (m, 2H) ; 7.12 (m, 1H) ; 

7.19 (m, 2H) ; 7.60 (dt, 1H) ; 8.53 (dd, 1H). 

EXAMPLE 73 



15 5-NHro-l 42-2-pyridyiethyffspiroI1 t 3-benzodithiole-2,4 , -piperidhe dihyrochloride 
Step A : Preparation of r-benzc^piroll^enzodftypid^^iperidine^ 

500 mgs (3.52 mmol) of 1 ,2-dimercaptobenzene and 61 0 mgs (3.00 mmol) of N-benzoyW-piperidone were 
stirred in CH 2 C1 2 while anhydrous HO gas was introduced Na^O* (2 grams) was added and the mixture stirred 
15 hours. The mixture was diluted with CH2G2 filtered and washed with H2P, and 10% NaOH. The organtcs 
20 were dried (Na^O^ and concentrated to a solid (yield 740 mgs). 

'H NMR (CDCI3) 6 : Z30 (bm, 4H) ; 3.5-4.0 (bd, 4H) ; 7.04 (m, 2H) ; 7.20 (m, 2H) ; 7.40 (m, 5H). 

Step B : Preparation of S-Nftro-V-benzoyl-spiro [13-benzodlthiole-2.4 f -pipertdine1 

7.00 grams (21.4 mmol) of the spiro dithiol ketal from Example 73 Step A In 50 mL of acetic acid cooled 
to 1 0°C was treated dropwise with 1.35 mL of HNO3 (d = 1 .49) dissolved in 10 mL of acetic acid. The reaction 
25 was allowed to warm to 25°C, and stirred for 15 hours and then poured into ice water. The aqueous phase was 
extracted with CH2CI2 m6 the extract was washed with H2O, 5% NaHCQs and brine, dried (Na2S0 4 ), concen- 
trated and flash chromatographed (sOica/ethyl acetate). The fester eluting component was identified as the 
nitration product 

'H NMR (CDCy S : 2.33 (bm, 4H) ; 3.50-4.00 (bm, 4H) ; 7.31 (d, 1H) ; 7.42 (m, 5H) ; 7.91 (dd, 1H) ; 8.05 
30 (d, 1 H). A slower eluting product was identified as the mono sulfoxide 1-oxa-1'benzoyl-spIro [1 ,3-benzodithtole- 
2,4'-piperidine]. 

'H NMR (CDCy 8 = 2.10 (bm, 3H) ; 2w45 (bm, 1H) ; 3.55 (bm, 3H) ; 4.30 (bm, 1H) ; 7.31 (dt, 1H) ; 7.43 (m, 
6H) ; 7.48 (m, 1H) ; 7.85 (d, 1H). 

Step C : Preparation of 5^aio^plroI1 t 3^ergodithiole-2 t 4 , -plperidinel 
35 1 .20 grams of the nitro dithioacetaJ from Step B in 46 mL of ethanol was treated with 1 8 mL of 40% aqueous 
NaOH and heated to 70°C for 8 hours. The solution was diluted with water and extracted with CH 2 C1 2 . The 
organics were combined, washed with water, saturated aqueous sodium carbonate, brine, dried (NazSO^ and 
concentrated to an oQ. The oil was filtered through silica gel eluting with 10% CH 3 OH in CH2Q2 to give the pro- 
duct as a yellow solid. 

40 'H NMR (CDCI3) 8 : 2.38 (t. 4H) ; 2.98 (t, 4H) 7.28 (d, 1H) ; 7.89 (dd, 1H) ; 8.03 (d, 1H). 

Step D : Preparation of 5~Nitro-1 f 42-2s)yridyte^ 

50 mgs of the nitropherryl dithioacetaJ from Step C and 0.75 mL of 2-vinylpyridine were stirred at 70°C in 
1 .5 mL of methanol and 0.5 mL of H2O containing 1 08 mgs of sodium acetate for 18 hours. The reaction mixture 
was concentrated to an o9y residue and flash chromatographed (Silica gel 5% MeOH in Chfecy to give 20 mgs 
45 of the product as its free base. This was converted to the dlrrydrochloride salt with 2 M HQ in isopropanol. After 
trituration with ethyl acetate the salt was obtained by filtration as the hemihydrate. 

'H NMR of freebase (CDCy 6 : 2.35 (m, 4H) 2.65 (m, 4H) ; 2.80 (m, 2H) ; 3.00 (m, 2H) ; 7.15 (dd, 1H) ; 
7.18 (d, 1H) ; 727 (d, 1H) ; 7.61 (dt, 1H) ; 7.89 (dd, 1H), 8.03 (d, 1H) ; 8.52 (d, 1H). 

50 EXAMPLE 74 



1 -Oxa-1 M2^4Hiitrophenyl)ethyIVspiro(1 t 3-benzodithioie-2,4 '-piperdinejhydrochloride 
Step A : Preparation of 1-oxa-spiro[1 ,j£enzodithide-2.4'-piperdine] 

The sulfoxid from Example 72, Step B was treated with ethandic sodium hydroxide in a manner similar 
55 to that described for th nitrophenyidithioacstaJ in ExampI 73, Step C to furnish the unsubsituted plperidine 
product 

'HNMR (CDCW 6 : 1.85 (m, 1H) ; 2.00 (m, 1H) Z2D (m, 1H) ; 2.40 (m, 1H) ; 2.90-3.30 (m, 4H) 7.27 (m, 
1H) ; 7.43 (m, 2H) ; 7.84 (d, 1H). 
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Step B : Preparation of 1-Oxa-1X2-(4Hiftroprienyl) ethyIVspiro(1 > 3-benzodithlole^4 , -piperdtne)hyd> 
rochloride 

220mgs of the dfthioaceta! monosulfbxide from Example 74. Step A and 490 mgs of 2-(4-nltrophenyl)ethyl 
bromide in 3 mL of ethanol containing 580 mgs of NaHCQ, was stirred and heated to 75°C for 20 hours. The 

5 reaction was diluted wfth CHjCfe and KfeO, extracted with CHaCfe and the combined organics extracted with 1 N 
HCt (aq). The aqueous acid extract was washed twice with ether and then basffied to pH 10 wfth 10% NaOH. 
The aqueous layer was extracted with ethyl acetate, dried (NsfeSOJ, concentrated to a yellow oil and dissolved 
in Ethyl acetate. The hydrochloride salt was formed with 2N HCI in isopropanol. After concentration and reo- 
rystaiization from ethanol the product was obtained as a solid. 

10 'H NMRof freebase (CDCIa) 6 : 1.90 (m, 1H) ; 2.10 (m, 1H) ; 2.30 (m, 1H) ; 2.50-£80 (m, 5H) ; 2.80-3.00 
(m,2H);2.95(t,2H) 7.28 (ddd, 1H); 7.37 (d,2H); 7.42 (M.2H); 7.82 (dd,2H); 8.16 (d,2H). 

EXAMPLE 75 

15 5^^1'-(2K4-njtropherryl)ethyte^ 

267 mgs (1 .0 mmol) of dithioacetal from Example 73, Step C in 1 mL of DMF was treated with 345 mgs 
(1 .5 mmol) of 2-(4-n'rtrophenyl)ethyl bromide and 0.52 mL of diisopropyiethylamine and was heated to 60°C for 
8 hours. The mixture was cooled to 25°C and dissolved in ether and 1 N aq. HCI. The aqueous layer was washed 
with ether and then basifled to pH 10.0 with 20% NaOH. Extraction with ethyl acetate, drying (NajSO^ of the 

20 organic extracts, and concentration gave 370 mgs of a crude yellow solid. An analytical sample was obtained 
by crystal ization from ether mp 150-152°C. 

EXAMPLE 76 

25 5^ethanesutforiamldo-1424^efr 
hydrochloride 

Step A : Preparation of 5-amino-1'-(2-<4-aminopheny0 ethyl-spiro(1.3^rgodithiol^ 

The compound from Example 75 was dissolved in 4.5 mL of acetic acid at 25°C and treated dropwise over 

2 hours with 15% TiCi, in aqueous Ha (15 mL). The mixture was diluted with CHjCfe and H*0. the pH adjusted 
so to a 10 with 20% aq. NaOH and extracted with CHjCfe (3x). The combined organic layers were washed with 

saturated aq Na 2 C03 dried (NajSO*) and concentrated to an o3 which crystallized from ether to give 300 mg 

of a pale yellow solid. 

'H NMR (CDCU 8 ; Z35 (m, 4H) ; 2.70 (m, 8H) ; 3.58 (bs, 4H) ; 6.38 (dd, 1H) ; 6.58 (d, 1H) ; 6.63 (d, 2H) 
6.95 (d,1H); 6.99 (d, 2H). 

35 step B : Preparation of 5^ethanesuffonamkic-1M2^4-methanesufo 
zodithiole-2.4'-piperidine1 hydrochioride 

100 mgs (0.28 mm) of the bis-anOine from Step A was dissolved In 1 mLof CH2CI2, cooled to -10°C, and 
treated with diisopropyiethylamine (0.29 mL) followed by 0.11 mL of methanesulfonyl chloride. The reaction 
was stirred for 2 hours and allowed to warm to 0°C. The mixture was diluted with CH^ and washed with satu- 

40 rated aq. NazCQs and brine, dried (NazSO*), and concentrated to afoam. Thefoam was redissolved In methanol 
and THF (1 0 mL ;) and stirred at 25°C while 5% aqueous NaOH was added (0.5 mL). The mixture was dfluted 
with CH2CI2 and washed with saturated aqueous NaHCO* dried (Na^SO^ and concentrated to a foam. The 
foam was dissolved in ethyl acetate/methanol and 2M Ha in isopropanol was added to give an off-white pre- 
cipitate of the hydrochloride salt Yield 66 mg. 

45 'H NMR (DMSO. d 6 ) 5 : 2^8 (m, 2H) ; 2.95 (s, 3H) ; 3.00 (s, 3H) ; 3.15 (m. 4H) ; 3.40 (m, 4H) ; 3.60 (m, 
2H) 6.98 (m, 1H) ; 7.23 (m, 6H) ; 9.70 (s, 1H) ; 9.80 (d, 1H) ; 10.70 (m. 1H). 

EXAMPLE 77 

so 5-Methanesulfonamido-1M2-£^^ 

NHrophenyldithioacetaJ (163 mg) from Example 73, Step D was dissolved in 8 mL of ethanol and treated 
with 1.60 grams of SnCl r 2 Hfi at 25°C. The mixture was heated to 70°C for 2hrsi, poured into saturated 
aqueous Na^COj, and extracted with CH2CJ2. The organic portion was washed with HjO, dried (NajSO^, and 
concentrated to a foam to give 120 mgs of crude anflin compound. Th crude anQine was dissolved in 2 mL 
55 of pyridine and treated with 0.05 mL of methanesulfonyl chloride at 25°C. After stirring for 12 hrs the mixture 
was diluted with CH^ and washed with aqueous NaHC0 3> dried (NajSO^ and concentrated to a foam. The 
foam was converted to a ^hydrochloride salt from ethanol using 2M HQ In isopropanol. Yield, 90 mgs. 

*H NMR (DMSO # d«) 6 2.60 (m, 4H) ; 3.02 (s, 3H) 3.40 (m. 6H) ; 3.60 (m. 2H) ; 6.98 (dd, 1H) ; 7.18 (d, 1H) 
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7.34 (d,1H); 7.55 (bt,1H); 7.61 (bd. 1H) ; 8.08(1* 1H) ; 8.77 (d. 1H); 9.80 (s, 1H). 
EXAMPLE 78 

5 1^^2-Pyridyl)ethyl)-spiro(4H-1,3^ dihydrochlortda 

2-Mercaptobenzytmercaptan (110 mg, 0.70 mmol) in 2.0 mL of CH2CI2 was stirred with N-P-^-pyridyl) 
ethyl>4-piperidone hydrochloride (163 mg, 0.63 mmol) while anhydrous hydrochloric add was introduced via 
a gas inlet tube. Anhydrous MgS0 4 (0.50 grams) was added aftersaturatton with HCI, and stirring was continued 
for 1 5 hrs. The crude mixture was diluted with water and bastfied to pH 1 0 with aqueous 1 0% NaOH. The mixture 
10 was extracted with CH2Q2, and the extract was dried (Nd2S04) and concentrated to give a crude oQ which was 
dissolved in ethyl acetate. Anhydrous Ha in isopropanol (2N) was added to give the dihydrochlor!d8 salt which 
was collected by filtration and recrystallized from Cr^OH/ethyl acetate. 

'H NMR (DMSO, de) 8 : 2.34 (m, 4H) ; 3.20-3.70 (m, 8H) 3.97 (s, 2H) ; 7.15-7.70 (m, 4H) ; 7.70 (m, 2H) ; 
8.18 (m, 1H) ; 8.70 (d f 1H) ; 11.35 (bs, 1H) ; 

15 

EXAMPLE 79 

H2K4-Nitrophenyl)ethyl)spiro-(4H-1 .34renzodithnn-2,4'-plpefidtne) 
Step A : Preparation of spim-(4H-1 > 3-bergodithlln-2,4 r -plperidine) 
20 To 2.86 grams (0.018 moi) of 2-mercaptobenzyl mercaptan in 1 00 mL of ChfeCfe was added 3.72 grams of 
4-N-benzoylpiperidone. Anhydrous HCI gas was introduced and the reaction was stirred for 15 hrs at 25°C. 
MgSO* (anhydrous, 3.00 grams) was introduced and the reaction stirred 8 hrs then diluted with CH2CI2, filtered 
and washed with H 2 0, 5% NaOH (aq) and KfeO. The organic phase was dried (Na2S0 4 ) and concentrated to 
an oil (1 .85 grams). The crude ofl was dissolved in 20 mL of ethanol and 7.2 mL of 40% aqueous NaOH, heated 
25 to 70°Cfor 1 5 hrs and then concentrated to remove ethanol. The product was obtained by extraction with CH2CI2 
of the remaining aqueous phase. Yield 1.08 grams of product as an oB. 

'H NMR (CDCI3) S : 1.98 (m, 4H) ; 2.90 (m, 2H) 3.04 (m, 2H) ; 3.82 (s v 2H) ; 7.18-7.28 (m, 3H) ; 7.36 (m, 

1H) 

Step B : Preparation of 1-(2^4-nitropheny0ethyl)spiro-(4H-^ 
30 To 1 1 1 mgs (0.47 mmol) of dithioketal from Step A In 1 mL of methanol was added 157 mgs of sodium 
bicarbonate and 1 1 8 mg (0.54 mmol) of 2-(4-nitrophenyl)ethyl bromide. The reaction was refluxed for 6 hrs and 
then concentrated at reduced prssure. The residue was chromotographed (silica gel, 2.5% CH3OH/CH2CI2) to 
give after concentration and crystallization from ethyl acetata/Hexanes, 120 mgs of product as the free base. 
'H NMR (CDQ3) 6 : 2.06 (m, 4H) ; 2.55 (m, 2H) 2.70 (m, 4H) ; 2.89 (dd, 2H) ; 3.82 (s, 2H) ; 7.25 (m, 3H) ; 
35 7.35 (m, 3H) ; 8.14 (m, 2H). 

EXAMPLE 80 

1 K2^4KMethanesulf6narredophenyl)ethy^spiro(4H-1 ,3-benzodithlin-2,4 , -piperldine) hydrochloride 
40 The nitrophenyl piperidine (75 mg) from Example 79 Step B was dissolved in 50% aqueous acetic acid 
and treated dropwise with 15% TlCfe In 20-30% aqueous HCI untfl the reaction was complete by TLC. 

The mixture was diluted with water and extracted with CH2CI2, the aqueous phase was basffied to pH 10 
with 40% aqueous NaOH and extracted with CHjCJj. The organic extracts from the base were dried (Na2S0 4 ) 
and concentrated to yield 40 mgs of crude aniline. The product was dissolved in 1 mL of CH2CI2, cooled to -1 0°C, 
46 and treated with 0.070 mL of triethylamine. Methanesuffbnyl chloride was added (0.03 mL) and the mixture held 
below 0°C for 1 hr. Water (1 mL), 40% aqueous NaOH (10 drops) and methanol (10 mL) were added and the 
reaction was allowed to reach 25°C and then concentrated to remove methanol and CH 2 0^ The pH was adjus- 
ted to -6.0 and extracted with CHaCI^ The organic portion was concentrated to an oO, dissolved in ethanol/ethyt 
acetate (1/1) and treated with anhydrous 2 M HCI In isopropanoL Concentration of the solvents and trituration 
50 with ethyl acetate gave 50 mgs of a solid hydrochloride salt 

'H NMR (DMSO da) 8 : 2.30 (m, 4H) ; 3.00 (s, 3H) 3.10 (m, 2H) ; 3.35 (m, 6H) ; 3.95 (s, 1H) ; 4.05 (s, 1H); 
7.15 -7.50 (m, 8H) ; 9.72 (s, 1H). 

EXAMPLE 81 

55 

6^itro-1X2K2s>yridyl^ 

2-Mercapto-5-nitrobenzyl alcohol (150 mg, 0.81 mmol) and 208 mg (0.80 mm) of N-p-^-oyridyl 
ethylH-piperidone was dissolved in 5 mL of CHCI3. HCI Gas was bubbled In to saturate the solution, the mixture 
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stirred at 25°C for 2 days, then diluted with water and the pH adjusted to 1 0.0 wffii 40% aqueous NaOK Ext- 
raction with CHCI3 and drying the organic phase (N^SO^ gave after concentration and recfystalDzation from 
ethyl acetate 75 mg of an orang solid. 

'H NMR (CDCW S : 2.15 (m. 4H) ; 2,70 (m, 4H) ; Z83 (dd, 2H) ; 3.01 (dd. 2H) ; 4.95 (s, 2H) ; 7.15 (dd, 1 H) ; 
7^0 (m, 2H) ; 7.62 (dt. 1H) ; 7.95 (d, 1H) ; 8.03 (dd, 1H) ; 8^4 (d, 1H). 

EXAMPLE 82 

1^^itrophenyl)ethyl)^ plperidine] 

Salicylamide (250 mg, 1.82 mmol) and 1-(2-{4^itiophenyl]ethyl-4-piperidone (238 mg, 0.96 mmd) in 13 
mL of CHCI 3 was stirred whOe 400 mgs of p-toluene-suJfbnic acid monohydrate was added. The mixture was 
reftuxed for 12 hours through a Soxhlet apparatus containing anhydrous MgS0 4 to remove hfeO formed. The 
mixture was concentrated to dryness ami dissolved with 10% aqueous NaOH and ethyl acetate. The aqueous 
phase was separated and extracted with ethyl acetate. The combined organic portions were washed with brine, 
dried (NazSO,) and concentrated to a yellow solid to give 280 mg and converted to the hydrochloride salt with 
2NHCiin isopropanol. The solid was triturated with ethyl acetate/ether and dried in vacuo. 

*H NMR (DMSO <« 6 : 2^5 (m, 4H) ; 3.10-3.60 (m, 8H) ; 7.10 (d, 1H) ; 7.18 (t. 1H) ; 7.60 (m, 3H) ; 7.79 
(d, 1H) ; 8.22 (d, 2H) ; 9.04 (s, 1H) ; 10.52 (bs, 1H). 

EXAMPLE 83 

64/lethanesulfonamldo-iq(2^nzofur^ 



A solution of 500 mg (1 .44 mmole) of 6-memanesuffbnamido^4^ihydrospi^ 
dine-4-one hydrochloride in 10 mL acetonitrOe was treated with 400 mg (1 .7 mmoies) of 5-(2-bromoethyi)ben- 
zofurazan, 190 mg (1.44 mmole) of lithium iodide and 250 mg (3 mmoies) of sodium bicarbonate. The mixture 
was heated to reflux for 48 hrs, cooled to room temperature and poured into 50 mL KfcO. The mixture was acidi- 
fied to pH 1 and extracted with 2 x 50 mL portions erf ethyl acetate which were discarded. The aqueous phase 
was basified to pH 8-9 and extracted with ethyl acetate. The organic layers were dried over magnesium sulfate, 
filtered and concentrated in vacuo. The crude material was chromatographed on silica gel eluting with 5% 
methanol/chloroform to give 188 mg product This material was dissolved in ethanol and treated with excess 
ethanolic Ha. The solid was collected and dried in vacuo to give 108 mg of the product with rap. 255-257°C. 
Elemental analysis for CaH^OgSHCMMHp 



EXAMPLE 84 

6^ethanesutfonamido-1M2^4-methanesu 
2.3'-piperidineH-one oxalate 

The title compound was prepared following the procedure substantially as described in Example 83 but 
using 4-methanesulfonamidophenyiethyl mesylate. The product has mp. 195-1 99°C. 
Elemental analysis for CaH^OeSriCzHzO^hfeO 



dlneH-one 



Calc'd 
Found 



11.26 
11,12 



53.11 
53.20 



5.16 
5.13 



Calc'd 
Found 



7.49 
7.52 



C 

51.42 
51.32 



E 

5.57 
5.23 



EXAMPLE 85 



1^2^4-Memanesutfonamidophenytoxy)ethy^ spfro (benzofuran-2.3'- 

piperidine oxalate 
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A solution of 300 mg (0.94 mmdes) 2,3-dihydro*5^ethanesu^ 
hydrochloride in 20 mL acetonltril was treated with 304 mg (1.035 mmole) of 2-(4-methanesuHbnaml- 
dophenoxy)ethyl bromide, 170 mg (2 mmole) of sodium bicarbonate and 134 mg (1 mmol ) of lithium iodide. 
The mixture was heated to reflux for 24 hr. The reaction was cooled to room temperature, and poured into 50 
5 mL of 1 N HCL The aqueous phase was extracted once with ethyl acetate which was basifted to pH 9 and ext- 
racted repeatedly with ethyl acetate. The organics were combined, dried over magnesium sulfate ; filtered and 
concentrated in vacuo to give 220 mg. The crude material was dissolved in acetone and treated with 50 mg 
oxalic acid. The solid was collected to give 168 mg of product with mp 125-130°C. 
Bemental analysis for H29 N 3 • C2H2O4 H2O -C^HsO 

10 

N C H 

Calc'd 6.64 48.40 5.73 

Found 6.52 48.63 5.50 

To 

EXAMPLE 86 



1KBenzofurazan-5-methyl)splro[plper1dtn^ 
20 Step A : Preparation of 5-Methanesurfbnylaxymethyl) benzofurazan 

5-Benzofurazanmethanol (0.6 g, 4 mmol) and trlethyt amine (0.84 mmol, 0.61 g, 6 mmol) were dissolved 
En dichloromethane (20 ml) and cooled to -20°C. Methanesuffonyi chloride (0.37 ml, 0.55 g, 4.8 mmol) was 
added dropwise and the mixture was stirred at -20°C for 20 mln., diluted with dichloromethane (30 ml) washed 
with water (30 ml), dried (Na2S0 4 ), and evaporated under reduced pressure to give the benzofurazan as a white 
25 solid (0.91 g, 99%). 'H NMR (CDCI3) 5 7.95 (1H, d, J 9.2 Hz), 7.93 (1H, s), 7.46(1 H ( d, J 9.2 Hz), 5.35 (2H, s), 
3.14 (3H, s). 

Step B: Preparation of 1-{Benzofura^ 
4'(5'H)-one] : 

5-(Methanesulf6nyloxymethy0benzofurazan (137 mg, 0.6 mmol) and diisopropylethylamine (032 ml, 0.39 
30 g, 3 mmol) were dissolved in DMF (2 ml) and spirofpiperidirteMl^eHJthien hyd- 
roch)oride(248 mg, 0.9 mmol) was added. The mixture was stirred at room temperature for 2 h and then the 
solvent was evaporated under reduced pressure. Aqueous sodium bicarbonate (saturated, 10 ml) was added 
and the mixture was extracted with dichloromethane (3x10 ml). The combined organic fractions were dried 
(Na2S0 4 ) and evaporated under reduced pressure to give a yellow oil. The oO was purified by flash column 
35 chromatography on silica gel, efuting with ethyl acetate/40% hexane to give an off white solid (1 92 mg, 86%). 
The compound was crystallized from ethyl acetate/hexane to give the thiopyranone, m.p. 142-1 43°C. 
*H NMR (CDCW 5 7.81 (1H, d, J = 9.3 Hz). 7.71 (1H, s), 7.50 (1H, d, J 9.3 Hz), 7.46 (1 H, d, J 5.4 Hz), 706 (1H, 
d, J 5.4 Hz), 3.64 (2H, s), 2.88 (2H. s). 2.70, 2.54, 2.10, 1.90 (Each 2H, m). 
Elemental analysis for C^HjtNsO^ : 
40 Calculated ; C 58.20 ; H 4.61 ; N 11.31. 
Found ; C 58.42 ; H 4.53 ; N 11.35. 

EXAMPLE 87 



45 HBenzofurazan-5-methyl)spiro(4H-1,3-te 

5^MethanesulfonyioxymethyI)benzofurazan (91 mg, 0.4 mmol) in DMF (03 ml) was added dropwise to a 

stirred solution of splro (4H-1,3-benzodithiir>-2,4'-piper1dine) (142 mg, 0.6 mmol) prepared as in Example 79, 

Step A and diisopropylethylamine (0.35 ml, 0.26 g, 2 mmol) in DMF (1 ml). The mixture was stirred at room 

temperature for 1 h. then the solvent was evaporated under reduced pressure. The residue was purified by 
50 flash column chromatography on silica gel, eluting with hexane/40% EtOAc and the product was crystallized 

from ethyl acetate/Hexane to give the benzodithiin as microcrystals (64 mg, 43%), m.p. 82-83°C. 

'H NMR (CDCt) 8 7.77 (1H, d, J = 9.3 Hz), 7.69 (1H, s), 7.48 (1H, d, J = 9.3 Hz), 7.38-7.21 (4H m). 3.63 (2H, 

s), 3.59 (2H, s), 2.73-2.66 (2H, m), 2.57-2^0 (2H, m), and 2.10-2.04 (4H, m). 

Elemental analysts for C^^C^ : 
55 Calculated ; C 61.76 ; H 5.18 ; N 11.37. 

Found ; C 61.64 ; H 5.14 ; N 11.38. 



EXAMPLE 88 
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S^ihydro-I^^benzoftnazan-^ : 
In the same way, S^methanesutfonytaxymethyO benzofurazan (91 mg, 0.4 mmol), 3A<lihydrospfro[2H-1- 
benzopyran-M'-piperidlneH-one (130 mg. 0.6 mmol) and dBsopropyiethytamine (0.35 mi, 0^6 g, 2 mmol) in 
DMF (1.5 mQ gave, after purification by flash column chromatography on sBica gel eluting with EtOAcW0% 
hexane and crystallization from EtOAc/hexane, the benzopyranone as rods (70 mg, 50%), rap. 126-127°C, 
*H NMR (CDCfe) 8 7.86 (1H, dd, J = &0, 1.7 Hz), 7.78 (1H, d, J 9.3 Hz). 7.70 (1H. s), 7.5 (2H m), 7.0 (2H, m). 
3.62 (2H, 8). 2.74 (2H. s), 2.6 (4H, m), Z1 (2H, m) 1.8 (2H, m). 
Bemental analysis for C 7 ^^O v §38(\& : 
Calculated ; C 67.59 ; H 5.58 ; N 11.82. 
Found ; C 67.45 ; H 5.40 ; N 11.82. 



EXAMPLE 89 



3.4-Dfhydn>1 Xbenzofurazan^ynethynspirof2H'1 -benzopyran-2,4'-piperidineH-one : 
Step A : Preparation of 5^2-Hydroxyethyl)benzofuroxan 

4^2-Acetexyethyl)-2-nitroacetanato^ 15.6 mmol) was dissolved in methanol (25m0andmethanollc 
potassium hydroxide (20% 25 ml) was added dropwise. The mixture was stirred at room temperature for 40 
min., then cooled in ice. Aqueous sodium hypochlorite (Ca. 5%, 50 ml) was added dropwise over 30 min., with 
vigorous stirring. Water (50 ml) was added and the mixture was extracted with cfichloromethane (3 x 100 ml). 
The combined organic fractions were dried (NajSO^ and evaporated under reduced pressure to give the ben- 
zofuroxan as a yellow oa (2.76 g. 98%). 

*H NMR (CDCI3) 5 7.6-6.1 (3H, br m), 3.95 (2H. t, J = 6.2 Hz), 2.91 (2H, t J = 6.2 Hz), 2.1 (1H br s). 
Step B : Preparation of 5^24<ydrtixyethynbenzofurazan 

5-(2-HydroxyethyI)benzofuroxan (Z23 g, 12. 4 mmol) was dissolved in methanol (25 ml) and trimethylphos- 
phite (4.38 ml, 4.60 g, 37.1 mmol) was added. The mixture was heated under reflux for 3h. f cooled and the 
solvent was evaporated under reduced pressure. The residue was purified by flash column chromatography 
on silica gel eluting with EbQ to give the benzofurazan as a yellow oil (1.52 g, 75%). 
1H NMR (CDCW S 7.78 (1H. d, J = 9.2 Hz), 7.65 (1H, s) 7.34 (1H, d, J 9.2 Hz). 3.98 (2H, t J = 6.3 Hz), 298 
(2H, t J = 6.3 Hz). 1.9 (1H, br s). 

Step C : Preparation of 542-(Methane^jlf6nyloxy)ettTyf]benzofurazan 

5^^raxyethyl)benzofurazan (1.48 g, 9 mmol) was dissolved in dichloromethane (45 ml) and 
triethylamine (1.88 ml, 1.37 g, 135 mmol) was added. The mixture was cooled to -30°C and methanesulfonyi 
chloride (0.84 ml, 1 .24 g, 1 0.8 mmol) was added dropwise over 5 min. The mixture was stirred at -30°C for 1 5 
min. and dichloromethane (100 ml) was added. The mixture was washed with water (100 ml), dried (NfcfcSOJ 
and evaporated under reduced pressure to give the benzofurazan as a yellow solid (2.10 g, 96%). 
iH NMR (CDCI3) 6 7.83 (1H, d, J = 9.5 Hz), 7.70 (1H, s), 732 (1H, d, J * 9.5 Hz), 4.53 (2H, t, J - 6.4 Hz) 3.19 

(2H,t,J = 6.4Hz) f 2.99(3H,s). 

Step D : Preparation of 3,4-Dihydro-1 ^benzofurazan^yl)ethynsplror2H-1>benzopyraiv2 t 4 -pipendine)- 

4-one : 

5^{2-(MethanesuIfonyioxy)ethyf]benzofurazan(1 69 mg, 07 mmol) in DMF (1 mi) was added to a stirred mixt- 
ure of 3,4^ihydrospiro[(2H)-14)enzopyran-2,4'-p!peridineH-one (266 mg, 1.05 mmol) and diisop- 
ropylethylamine (0.61 ml, 0.45 g, 3.5 mmol) in DMF (1 ml). The mixture was stirred at room temperature for 28 
h then at 50°C for 1 hr. The solvent was evaporated under reduced pressure and the residue was purified by 
flash column chromatography on silica gel, eluting with C^a^eOH/NHalAq.) (96 ; 4 : 0.4). The appropriate 
fractions were combined and concentrated to dryness and the residue was recrystallized from ethyl acelate- 
/hexane to give the benzopyranone as pale yellow microcrystals (20 mg, 8%), rrup. 1 17-119°C. 
iH NMR (CDCW 8 7.86 (1H, dd, J 8^, 2.7 Hz) 7.76 (1H, d, J 9.3 Hz), 7.61 (1H, br s), 7.50 (1H, dt. Jt 7.8, Jd 
1.7 Hz), 7.30 (1H, dd, J 9.3, 1.2 Hz), 7.0 (2H. m). 2.92 (2H, t, J 7.5 Hz), 2.73 (6H m), 2.54 (2H, m) 2.09 (2H. 
m),1.79pH, m). 

Elementary analysis for C^H^NsQs-O.I H2O : 
Calculated ; C 69.06 ; H 5.85 ; N 11.50. 
Found ; C 68.97 ; H 5.90 ; N 11.16. 

EXAMPLE 90 

1-f2^Benzofurazan^yl)ethv^ !a£ 

rochlorid 

Sp5^lperidin^4.6'K6H)thienop.3-b]thiopyranK(5' H>one](230 mg, 0.82 mmol). 5-{2-(inethanesul- 
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fbnytaxy)ethyt]b nzofurazan (100 mg, 041 mmd) and sodium bicarbonate (72 mg, 0.86 mmd) In DMF (8 irf) 
were stirred together at 80°C overnight The solvent was evaporated under reduced pressure and the residue 
was dissolved in dichloromethane, washed with water, dried (T^SOa) and evaporated under reduced pressure. 
The residue was purified by flash column chromatography on siica gel eluting with EtOAc/75% haxane, treated 
5 with ethanolic HCI and recrystaflized from EtOH/EtOAc to give the hydrochloride as an off-white solid (17 mg, 
10%), rrup. 2S5-257°C. 
Bementary analysis for C^^O^HC! 
Calculated ; C 54.07 ; H 4.79 ; N 9.98. 
Found C 53.96 ; H 4.66 ; N 9.87. 

10 

EXAMPLE 91 



1 '-P^benzofurazan^S^ethyfr^ hydrochloride 
23^ihydrospiro(benzofura^ 50 mg, 021 mmd), 5-|2-fnethanesul- 

15 fbnyloxy)ethyt]benzofurazan (50 mg, 0J22 mmol) and sodium bicarbonate (40 mg, 0.48 mmd) in ethand (4 ml) 
were stirred together under reflux overnight The solvent was evaporated under reduced pressure and the resi- 
due was dissolved in dichloromethane, washed with water, dried (NajSO*) and evaporated under reduced 
pressure. The residue was purified by flash column chromatography on silica gel eluting with EtO Ac/40% 
hexane, treated with ethanolic Ha and triturated with EtOAc to give the hydrochloride as an off-white solid (14 

20 mg, 17%), rrup. 255-257°C. 

Elementary analysis for C^H^Na^-HCI 
Calculated ; C 63.82 ; H 6.04 ; N 11.17* 
Found C 64.06 ; H 6.10 ; N 11.23. 

25 EXAMPLE 92 



3,4^ihydn>-V-r2-(benzofuraz^ 
piperidineH-one hydrochloride 

Step A : Preparation of 5^2-Bromoethoxy)benzofupazan : 

30 Sodium hydroxide (40 mg, 1 mmol) was added to a solution of 5-hydraxybenzofurazan (136 mg, 1 mmd) 
in ethanol (2 ml) and the mixture was stirred at room temperature for 30 min. 1 ,2-dibromoethane (0.26 ml, 0.56 
g, 3 mmol) was added and the mixture was heated under reflux for 20 hr., cooled and the solvent was evaporated 
under reduced pressure. Aqueous sodium bicarbonate (saturated, 10 ml) was added and the mixture was ext- 
racted with dichloromethane (3x10 ml). The combined organic fractions were dried (Na^C^) and evaporated 

35 under reduced pressure. The residue was purified by flash column chromatography on silica gel, eluting with 
hexane/10% EtO Ac to give the benzofurazan as a pale yellow on (99 mg, 41%). 

1 H(CDIa) 6 7.74 (1H, d J 9.6 Hz), 7.16 (1H, dd, J 9.6, 2.0 Hz), 6.85 (1H, d, J 2.0 Hz) 4.39 (2H, t J 6.0 Hz), 3.72 
(2H, t. J 6. 0 Hz). 

Step B : Preparatk?n of 3,4^ihydro-1 , 42Kber^oftirazarv [(2H)-1- 

40 benzopyrar*-2.4'-piperidineH-one hydrochloride : 

5-(2-Bromoethoxy)be nzofurazan (87 mg, 0.36 mmol), 3,44)ir^dro-6-methanesulfbnamidospiro[(2H)-1- 
benzopyran-2 ( 4'-piperidineH-one hydrochloride (125 mg, 0.36 mmd), sodium bicarbonate (91 mg, 1 .08 mmd) 
and potassium iodide (30 mg, 0.18 mmol) in acetonforfle (4 ml) were heated under reflux for 24 hr, coded and 
aqueous sodium bicarbonate (saturated, 10 ml) was added. The mixture was extracted with dichloromethane 

45 (3 x 1 0 ml) and the combined organic fractions were dried (Na^OJ and evaporated under reduced pressure. 
The residue was purified by flash column chromatography on silica gel, eluting with CH^/MeOH/NHa (97 : 
3 : 0.3), to give a yellow foam which was dissolved in EtO Ac (2 ml). Ethanolic Ha (Ca. 1M, 2 ml) was added, 
the mixture was stirred for 2 h. and the sdid was collected and dried in vacuo to give the hydrochloride as a 
white sdid (114 mg, 62%), m.p.>250°C. 

so 1 H NMR (DMSO) 5 11.2-10.8 (1H, brm), 9.68 (1H br s), 8.0-7.1 (6H, m), 4.6 (2H, br s), 3.6-3.2 (6H, m) 2.92 
(3H, s), 2.84 (2H s), 2.1 (4H, m). 

Elementary analysis for C^H^f^OeS-HCI-O^hy) 
Calculated : C 51.46 ; H 5.01 ; N 10.91. 
Found C 51.45 ; H 5.05 ; N 10.61. 

55 

EXAMPLE 93 



H2-(4-Nitroph nyQeth^spiro[piperidine^,2^ hydrochloride 
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2-AminobenzamIde (272 mg, 2 mmol) and 1^2-(4^ftropheny!)ethyl}^ (0.51 g, 2J)5 mmol) In 

trifluoroacetic acid (10 ml) were heated under reflux for 8 hr, cooled and tft solvent was evaporated under 
reduced pressure. Dtehloromethane (30 ml) and sodium hydroxide (2M, 30 ml) were added and th layers were 
separated. The aqueous layer was extracted with dlchloromethane (2 x 30 ml) and the combined organic frao- 
5 tions were dried (Na^O*) and evaporated under reduced pressure. The residue was purified by flash column 
chromatography on silica gel, eluting with ChfeOj/MeOH/NHs (Aq) (95 :5 : 0.5), to give a pale yellow sofid which 
was dissolved in THF (50 ml) and treated with ethanolic HC1 (Ca. 1 M, 1 0 mJ). The solvent was evaporated under 
reduced pressure and the solid was trfojrated with ethanol to give the hydrochloride as a pale yellow solid (0,43 
g,53%), m.p.285-290°C. 

10 1 H NMR (CDCW 8 10.95 10.35 (Each 0.5H, brs). 8.36 (1H brs), 8^3 (2H, d, J 8.6 Hz), 7.62 (1H, m), 7.60 (2H, 
d, J 8.6 Hz) 7.28 (1 .5H, m) f 7.08 (0.5H, brs) &96, &78 (Each 0.5H, d, J 8.1 Hz), 6.70 (1H, m), 3.6-3.2 (8H, m). 
2.1 (4H, m). 

Bemenlary analysis for C20H22N4O3 HCI 
Calculated : C 59.62 ; H 5.75 ; N 13.91. 
15 Found C 59.23 ; H 5.51 ; N 13.79. 



3,4-Oihydro-1 M2^enzofurazarh5-yQethyl]-6^ spiro[(2H)-1-tenzopyran-2 t 4'-piperi- 
20 dineH-one hydrochloride 

Step A : Preparation of 5-(2-BromoethyO benzoforazan. 

A solution of 5-(2-hydroxyethyl)benzofurazan (1 .0 g, 6.1 nmoO and carbon tetrabromide (2.6 g, 7.9 nmol)in 
methylene chloride (10 ml) was cooled to 0°C. A solution of triphenyl phosphine (1.9 g, 7.3 nmol) in methylene 
chloride (10 ml) was added dropwise and the reaction was stirred for 5 min. Solvent evaporation and flash 
25 chromatography (silica gel, ethyl acetate hexane, 5/95) gave 5-(2 bromoethyObenzofurazan (1.2 g, 86%) ; 'H 
NMR (CDCI S ) 6 : 3.32 (t, 2H), 3.69 (t, 2H 7.32 (d, 1H), 7.69 (s, 1H), 7.84 (d f 1H). 

Step B : Preparation of 3^ihydro-1'42^enzoforazan^yQet^ 
benzopyran-2,4'-piperidine}4-one hydrochloride 

A suspension of 5-(2-bromoethyl)benzofurazan (0.39 g, 1.72 mmol), 3,4-dihydro-6-methanesutfonamido 
30 spiro[(2H)-1^nzopyran-2^'-piperfdineH-one hydrochloride (0.24 g, 0.69 mmol) and sodium bicarbonate 
(0.21 g, 2.55 mmol) in ethanol (13*2 ml) was heated at reflux temperature for 24 hr. Solvent evaporation and 
chromatography (silica gel, c^lorofbrm-methanoi-ammonium hydroxide, 97/3/0.3) gave an oil ; conversion to 
the hydrochloride gave the hydrochloride (0.14 g, 417) ; mp > 250°OAnal. Calcd for CaHaMOyHCI 
C, 53.59 ;H, 5.12, N ( 11.37. 
35 Found : C, 53.55 ; H, 5.15 ; N. 11.12. 

Employing the procedure substantially as described in Example 94, Step B but substituting for the 3,4- 
dihydro-e^ethanesidfonamidospi^ used therein, the starting mate- 

rials shown in Table III, there are produced the N-substituted spiro-piperidines also described in Table III. 



EXAMPLE 94 



40 



SO 
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(1) Cataylic airount of Lil added to reaction niaturo 



EXAMPLE 98 

3,4-Dihydro-6-acetamido-1 '-(4-nitropenzyl)spiro[(2H)-1 -benzopyran-2,4'-piperidine}4-one hydrochloride 
A solution of 4-nitrobenzyl bromide (0.73 g, 3.4 mmol). 3,4-dihydro-6-acetamido spiro[(2H)-benzopyrar>- 
2,4'-piperidine}4-one (0.94 g, 3.4 mmoJ) and diisopropylethylamine (0.61 ml, 3.5 mmol) in dimethytformamlde 
(15 ml) was stirred at room temperature for 3 hr. The reaction mixture was then concentrated under reduced 
pressure. The residue was diluted with methylene chloride and washed with saturated sodium bicarbonate sol- 
ution, water and brine. Drying and solvent evaporation gave an oQ ; flash chromatography (silica gel, metha- 
nol-chloroform 2/98) gave 3,4-dihydro-6-acetamido-1 '-(4-nitrobenzyl) 

spiro[(2H)-1-benzopyran-2 f 4 # -piperidinel^one(0.83g ( 5^ ; 75 mg converted to hydrochloride ;mp>250°C. 
Anal. Calcd for CaH^aO^HttiHaO : C, 58.08, H, 5.55 ; N, 924 Found : C 57.88 ; H. 5.33 ; N, 9.18. 

EXAMPLE 99 

3,44)lhydro-6^ethanesulfo 
piperidine]4-one 

Step A : Preparation of 3 t 4-Dihydro^«&mido-1X4-amlnoben 
dine] 

To a solution of 3,4-dihyaYo-6-acetamido-1 ^4-nitrobenzy1)spiro[(2H)-1 4)enzopyrsn-2,4'-piperidine}-4-on 
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(058 g. 1 .4 mmol) in acetic acid (6.4 mi) was added titanium 0D) chloride (1 5% wt in 20-30% wL hydrochloric 
add, 7 ml) dropwise. The reaction mixture was stirred at room temperature for 1 hr f cooled to 0*C and basified 
with saturated sodium bicarbonate and 20% sodium hydroxide solutions. Extraction wfth ethyl acetate, drying 
and solvent evaporation gave an o3 (0.42 g). Chromatography (silica gel, chtorofomi-methanolammonium hyd- 
5 roxide, 95/2/05) gave 3,4-d!hydro-6-ecetamido-1M4^ 4'-piperidine]- 
4-one (136 mg, 26%) ; 

'H NMR (CDCW d 1.71 (m, 2H). 2.04 (m, 2H), 2.18 (s, 3H), 2.42 (t, 2H). 2.62 (m, 2H), 2.69 (s t 2H), 3.45 (s, 
2H), 6.66 (d, 2H, J = 8.3 Hz), 6^8 (d, 1H, J = 8.8 Hz), 7.10 (d, 2H, J = 8.3 Hz),7.63 ((d, 1H, J = 2.7 Hz), 7.93 
(dt,1H,J = 8.8 Hz. J = 2.8 Hz). 
10 Step B : Preparation of 3/M)ihydro-6^ino-1H4^ntinobe 
4-one 

A solution of 3,4-dihydn>^ac»tamido-144^nobenz^ 
mg, 0.36 mmol) and hydrochloric acid (6N solution, 13. 6 ml) in methanol (13.6 mi) was heated at reflux tem- 
perature for 1 nr. The reaction mixture was cooled to 0°C and basified with 20% sodium hydroxide solution. 
15 Extraction with methylene chloride, drying and solvent evaporation gave ,4^lihydn>6-amino-1 , -(4-aminoben- 
zyl)spiro[(2H>1-benzopyran-2.4'-piperidine}4-one (107 mg, 88%) ; 

'H NMR (CDCI 3 ) d 1.73 (m, 2H), 2.01 (m, 2H), 2.40 (m, 2H), 2.60 (m, 2H), 2.66 (s, 2H), 3.42 (s, 2H), 3.52 (bs, 
2H), 3.63 (bs, 2H.) 6.65 (d, 2H, J = 8.4 Hz), 6.86 (m, 2H,), 7.09 (d, 2H, J = 8.3 Hz), 7.13 (d, 1H, J = 2.7 Hz). 
Step C : Preparation of 3,4-Dihydrt)-6Hnethanesulfonarri I(2H>- 

20 1-benzopyran-2.4-p)peridineH-one 

A solution of 3,4^ihydro-6-amino-1'-(4-aminobenzyl) spiro K2H>14>enzopyran-2 i 4 r -piperidineH-one 
(1 07 mg, 0.32 mmol) and methanesutfonyi chloride (78 ml, 1 .0 mmol) in pyridine (3 ml) was stirred at room tem- 
perature for 3h. Solvent evaporation gave a foam ; flash chromatography (silica gel, chlorofomwnethanol-an> 
monhjm hydroxide, 96/4/0-4) and trituration with ethanol gave 

25 3,4-<rihydro-6^ethanesu!fonamid^ spiro [(2H)-1-benzopyran-2,4'-piperi- 

dine-4-one (32 mg, 20%) ; mp 209-210°C 

'H NMR (DMSO) 6 1.70 (m. 2H), 1.88 (m. 2H), 2.34 (t, 2H), 2.55 (m, 2H), 2*1 (s, 2H), 2.94 (s, 2H), 2.98 (s, 
3H), 3.46 (s, 2H,) 7.06 (d, 1H, J = 8.8 Hz), 7.16 (d, 2H, J = 8.3 Hz), 7.27 (d, 2H, J = 8.5 Hz), 7.43 (dd, 1H, J = 
8.8 Hz, J= 2.7 Hz), 7.57 (d, 1H, J = 2.7 Hz), 9.63 (s, 1H), 9.69 (s, 1H). 
30 AnaL Caicd. for C^H^sO^ : 
0,53.52:^5.52,^8.51. 
Found : C, 53.25, H ( 5.50 ( N, 8.41. 



EXAMPLE 100 

35 

3,4-Dihydro-6^ethanesutfonamido-1H^ 
benzoran-2,4'-pfperidine] 

Step A : Preparation of 6-AcetamkJo-3,4^ihydro-r(5^rto 
zopyran-2,4'-piperidine] 

40 A mixture of 1 .12 g (3.6 mmoles)-6*cetamid<h3,4^ihydn>^ 

0.83 g (6.0 mmoles) potassium carbonate, 0.61 g (4.1 mmoies) sodium iodide, and 1.05 g (4.1 mmoles) 2-bro- 
moethyi-5^itn>benzofuran (European patent Application no. 883009623, 5-2-88) in 75 ml acetonitrOe was 
heated at reflux for 7 hours. The solvent was removed in vacuo and the residue was partitoned between 75 ml 
methylene chloride and 15 ml dilute sodium bicarbonate solution. The layers were separated and the aqueous 

45 layer was extracted with 75 ml methylene chloride. The combined extracts were washed with 1 5 ml water and 
brine, dried, and the CHjCfe was removed in vacuo to give 2.08 g crude product The compound was purified 
by flash chromatography on silica gel eluting with 2.5 : 97.5 methanol : chloroform to give 1.12 g (69%) of pro- 
duct as a solid foam, nrup. 99-1 04°C. 

iH NMR (CDCU : 5 1.81 (m, 2H), Z08 (d, 2H), 2.17 (s, 3H) ( 2.56 (m, 2H). 2.70 (s, 2H), 2.72 (m, 2H), 3.76 (s, 
50 2H), 6.75 (s, 1H), 6.97 (d, 1HO, 7.21 (s, 1H-NH), 7.55 (d, 1H), 7.63 (d, 1H), 7.92 (d of d, 1H), &20 (d of d 1H), 
8.47 (d,1H). 

Step B : Preparation of 6-acetamid&-1^5^minobenzofo 
zopyran-2,4'-piperidtn ] 

To a solution of 1.08 g (2.4 mmoles) of the compound from Step A in 10 mi acetic add was added 7.7 ml 
55 (8.8 mmoles) of 15% titanium (HI) chioride solution in 20-30%. aqueous hydrochloride acid dropwise in portions 
over 1 hour. The reaction mixture was made basic (pH 10) with saturated sodium bicarbonate solution and 10 
N sodium hydroxide solution diluted in 300 ml water, and extracted with 3 x 300 ml ethyl acetate. The combined 
extracts were washed with 60 ml water and brine, dried and th solvent was removed in vacu to give 0.99 g 
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(98%) product 

*H NMR (deuteriochloroform) : 5 1.65 (broad s, 2H, NHJ, 1.80 (m. 2H), 2.04 (d v 2H), 2.18 (s, 3H), 2£1 (m, 2H) 

2.68 (s, 2H). 2.70 (m, 2H), 3.66 (s, 2H) 6.44 (s, 1H), 6.64 (d of d 1H), 6.80 (d, 1H), 6^7 (d, 1H), 7.26 (d, 1H), 

7.62 (d. 1H), 7.92 (d of d. 1H). 
5 Step C : Preparation of 6-Amino»1^5^minobenzofuryl-2^eft^ 

zopyrarv2,4'-piperkTme]tnTiyarochloride 

A solution of 1.01 g (2.4 mmoles) of the compound from Step Bin 30 ml ethanol and 10 ml (30 mmoles) 

of 3N hydrochtortc add was heated at reflux for 6 hours. The solution was cooled and the solvent was removed 

in vacua The residue was stirred under 20 mi ethanol to give a solid which was filtered off and dried to give 
10 0.90 g (77%) product, mp 277-279°C. 

'H NMR (DMSO-de) : 6 2.18 (m, 4H), 2^2 (m, 2H), 3.35 (m, 6H), 3.68 (m t 2H), 4.69 (s 2H), 7.18 (d, 2H), 7.34 

(s, 1H), 7.40 (d of d, 1H) f 7.58 (d of d, 1H), 7.67 (d, 1H), 7.75 (d t 1H), 7.77 (s, 1H) 10.4 (broad s, 3H). 
Step D : Preparation of 3ADihydro-6-methanesutfonamic^ 

thyt"4-oxospiroH2H)-1-benzopyran-2 ( 4 , -pip^idine] 
15 To a solution of 0.24 g (0.50 mmole) of the compound from Step C and 0.21 ml (1 .5 mmoles) triethytamine 

in 2 ml pyridine was added 0.081 ml (1.05 mmoles) methanesulfonyl chloride. The resulting red mixture was 

stirred 5 hours. The solvent was removed in vacuo and the residue was partitioned between 5 ml saturated 

sodium bicarbonate solution and 15 ml ethyl acetate. The layers were separated and the aqueous layer was 

extracted with 2 x 15 ml ethyl acetate. The combined extracts were washed wfth 3 ml water and brine, dried, 
20 and the solvent was removed in vacuo to give 0.28 g (97%) crude product which was purified by flash 

chromatography on sHica gel eluting with 5 : 95 methanol : chloroform (saturated with ammonia) to give 0.167 

g (63%) of product as a foam. 

To a solution of 0.167 g (0.313 mmole) of product in 3 ml ethanol was added O.058 ml (0.34 mmole) 5.9N 

hydrogen chloride in ethanol. The mixture was starred 1 hour and the resulting yellow precipitate was filtered 
25 off to give 0.114 g (64%) hydrochloride salt, mp 19 9-202° C. 

Anal Calcd for C a4 H 27 N 3 O 7 S r Ha'0.30 CaHgOH-O^ H£> : 

C f 49.60 ;H, 5.26 ;N ( 7.06. 

Found C, 49.63 ; H, 5.25 ; N, 7.04. 

30 EXAMPLE 101 



1,4^lhydro-1M(6HTiemanesulfonamIdo^ 
zopyrarv3,4'-piperidine] d (hydrochloride 

To a solution of 100 mg (0.3 mmole) 1.4 dihydro-7wnetoanesutfbnamido^piro^3^ ; - 

35 piperidine]hydrochloride and 122 mg (0.45 mmole) 2-chl<»omethyl-6-methanesutfonamidoqu1noline In 10 mi 
aceton'rtrile was added 76 mg (0.90 mmole) sodium bicarbonate. The mixture was heated at reflux under nit- 
rogen for 1 9 hours. The reaction mixture was concentrated In vacuo to dryness. The residue was treated with 
a small amount of water and the crude product was filtered off. The crude product was chromatographed (silica 
gel), 5% methanol chloroform). The free base was converted to the dihydrochloride salt by the addition of 

40 ethanolic hydrogen chloride solution and recrystaflization from ethanoknethanol-ether to give the title com- 
pound (80 mg 44.2%), m.p. 207°C. 
Analysis Calculated for C^sHsoNUOsS^HCI : 
C, 49.75 ; H, 5.34 ; N, 9.28. 
Found : C, 49.44 ; H, 5.29 ; N, 9.22. 

45 Employing the procedure substantially as described in Example 101, but substituting for the 2-ben- 
zopyranspiropiperidine used therein, there were produced the spiropiperidines described in Table IV, and the 
quinolinyimethyispiropiperidines, also described in Table IV. 
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Employing the procedure substantially as described In Example 83 but substituting, 3,4-dihydro-6- 
methanesuifonamidospiroK2H)-14>en^ (see Example 70, Method 2, Step D) for 

the 3.4,Kiihydrc>^ethanesu[fonamid^ used therein, and sub- 

stituting an appropriate electrophOe (wherein the leaving-group is methanesulfonyt, bromo or chloro) for the 5- 
(2-bromoethyl)benzofurazan the following compounds of Tables V, Vl ( VII, VIII, IX, and X were prepared : 
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TABLE V 



10 




15 



20 



30 



S3 



40 



45 



Example 


»3 




\ ki 


an Que 


104 


E- 


EC1 


262 (dec) 




105 


CE 3 S0 2 - 




192-193 


a 


106 


N0 2 - 


EC1»1/2E 2 0 


258-261 




107 


NH 2 - 


2HC1 


204-209 


b 


108 


CH3CONH- 


EC1°1/4B 2 0 


165-167 


c 


109 


C 2 H 5 0C0NH- 


EC1 


232-234 


d 


110 


CH3SO2KH- 




128-129 


e 


111 


CE 3 - 


EC1»0.75B 2 0 


277-278 




112 


F- 


SCI 


276-277 








TABLE V 






Example 




Salt 


mp f°C) 


Note 


113 


CH3O- 


HC1*CH 3 0H 


267-269 




114 


Cl- 


EC1-0.25B 2 0 


272-274 




115 


CF3- 


EC1 


288-289 




116 


CN- 


EC1 


264-266 





117 



0 

if 

H 2 N-C- 



HCW/2H20 274-276 



50 



55 



Notes : 

(a) The p-methylsulfonylphenethyl alcohol was prepared by the method of G.WL Bennett and M.M. 
Hafez, J. Chera Soc. 1d41 , 652 ; and the mesylate of this alcohol was prepared by the method des- 
cribed in Example 89, Step C. 

(b) Prepared from the corresponding nfro compound by the method described In Example 70, Method 2 
Step B. 

(c) Prepared from the corresponding amino compound by treatment with acetyl chloride. 

(d) Prepared from the corresponding amino compound essentially by treatment with ethyl chloroformate. 

(e) Prepared from the corresponding amino compound essentially by the method, described in Example 
70. Method 3, Step C. 

(f) Prepared from the corresponding cyan compound essentially by the method described in Example 
369. 
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TABLE VI 

5 



o 




20 




E 3 




mp fC) 


(dec) 


118 


CH 3 - 


HC1«1/2H 2 0 


265-296 




119 


CH3O- 


EC1 


298-300 


(dec) 




120 


CN- 


EC1 


292-293 


(dec) 


25 


121 


N0 2 - 


HC1»1/4H 2 0 


275-277 


(dec) 




122 


Cl- 


HC1»1/2H 2 0 


285-287 




123 


CH 3 S0 2 NH- 


EC1 


266-268 


(dec) 



30 



TABLE VTI 




50 
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tabu: vii 





p3 

&r 




BID ( *C) 


Note 


124 


^***3^ 2 — 


AV#X 


291-292 (dec) 


a 


IOC 

125 


CA35— 


HA4X 


278-279 (dec) 


a 


126 


U113VJU— 


ni»x 


264 (dec} 




127 




ILl*X 


277-278 




12o 




wn •or** hit 


270 




XXT 


v*n 3— 


HC1*0.3H«*0 


276 




130 


CI- 


UUX 






131 


H2NSO2- 


nul e x/ 4C112W 






132 


CH3OOC- 


uux 






133 


CH-aO-N=CH- 




132-132 


b 


134 


CH 3 - 


HC1»1/2H 2 0 


258-260 




135 


CH3O- 


HC1»1/4H 2 0 


264-266 (dec) 




136 




HC1 


281-282 (dec) 




137 


CH3SCH2- 


HC1 


260-263 




138 


N0 2 - 


HC1-1/3CH0H 


262 (dec) 




139 


F- 


EC1 


270-272 (dec) 




140 


CN- 


HC1 


284-285 (dec) 




141 


H- 


HC1 


262 (dec) 




Notes: 











(a) p-Methylthio- and p-methylsulfbnylphenethyl alcohols were prepared by the method of 6.M. Bennett 
and M.M. Hafez, J. Chem. Soa, 1941 , 652 ; and the mesylates of these alcohols were prepared by the 
method described in Example 89 v Step C. 

(b) Prepared from p-cyanophenethyl alcohol by reduction of the nitrite to the aldehyde using 2.0 equiva- 
lents of diisobutyi aluminum hydride, followed by reaction with methoxylamine hydrochloride to give the 
O-methyloxirnino ether, followed by conversion to the mesylate as described in Example 89, Step C. 
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TAttTJg .VIII 



O 



Esasffilfi & 3 a * 3 b B 3 C Salt aB-L*l 

142 H 0CH 3 OCH3 HC1 243 

143 H F F HC1 295-297 (dec) 

144 F H F HC1 -0.3120 265 

145 h CI CI HC1 269-270 (dec) 

146 H -0-CH 2 -0- HC1 >250 
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5 



o 



CHgSC^ 

10 




15 



20 



25 





Exarrple 


RM 


salt 


n p. (°c) 




147 




•HC1 


253 


30 


148 


-CC^sCQaCI^CIfe 


•1 /4EbO»HCl 


1 90-1 92 




149 


-CC^) 2 cOaCi%ci% 




211-213 




150 


-(CiyjO-CEjCft, 


•HC1»1 /4H20 *1 /4C 2 HjOH 


1 34-1 37 


35 


151 


-CCH^OCCI^OH 


•mi*0. 5C a l^OH 


94-98 


152 




«HC1«0. 5C a I^OH 


141.5-144. 




153 




•HC1-0. 5C a I%OH 


172-177 




154 


-CCH 2 ) fl OH 


•HC1 


175-181 


40 


155 


-CCBj) 7 OH 


•HC1«0. 2C 2 HaOH 


240-242 



•7/JET27 

45 



SO 
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10 



TfFTrffi T * CONT'D 



1S Exanple HH 



Salt MP. (°C) 



156 



-CCH0 3 -n(3> »2HC1«%0 242-244 

» 157 -(C^eOH -HC1 232-233 

15B -C^CHDHCB, -0.25IfeO 197-198 

n59 -CH a COC«I% .HC1.0.25^O 265Cdec) 

25 160 -COWiOCCIWaOCH, -HC1 129-134 

-CHjCO-^-OMS *1/3 CjHjQH 



161 



201 -202 
100-161 



162 -CCHj3 a O- 

163 -(C^) 3 -<f^ «1 223 " 225 



164 -CIV 



•HC1«0. 5IfeO 148-151 



ICS trans -C*5,CH*CH-@ -H=l 257-259 C *"0 

trans CC^CH=CH-^) 3 -HB1*0. 75H,0 236-237 (dN) 



166 

40 167 



45 



50 



55 



63 
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TfBLE IX CONT'D 

5 



10 





Exanple 


EM 


salt 


MP. (°C) 


15 


168 




•HCl 


228-229 




169 




aHCl 


ten A j. a n 

268-269 taecj 




170 






264-265 C^OC) 


20 


171 




•BCI 


267 (dee) 


172 




«HC1°0. 35^,0*0. ISCgHbOH 


220-223 




173 


-(CHOaNIBOaCHa 




260-261 dec 




174 


-C 4NHSO2CH5 


•hci 


205-21 5 




175 


-(cB^aKHSOaCHj 


•HCl 0. SCaH^OH a 23 H3O 


133-135 


25 


176 




•HCl 


186-191 










>270 




177 




•HC1«0. 25H3O 




178 




•BC1 


270 (dec) 


30 


179 




•HCltO. 2C 3 H50H 


215-217 




180 




•HC1»0. 2SC 2 I%OH 


240-241 




181 




•HCl 


244-246 


$5 


182 






235-237 




183 




•HCl 


252-254 




184 




•HCl 


221 -222 



40 



45 



SO 
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Exonple RM 



salt 



10 



15 



20 



25 



30 



35 



40 



45 



185 -ocauceVA « ^ 



260Cdec) 



186 -(CH,),CHCCl%D a •HCl 258-260(dec) 

0.5 C 3 I^0H 



1 87 -CHjCHCCHjC^a •HCl 



1 88 -CBj 




1 89 -CBaCHj — ^ // 
\\ V 

190 -CHjCI^— ^ 

191 -CI^CHz— ^) 

192 -CHE, 




193 



•HCl 



•HCl 

0,30 lijO 



•HCl 



•HCl 



•HCl 



194 -CIfcCH 2 0-(x /V-NHSOiCI^ 'HCl 

X 7 O.l IFA 



220-262(dec) 



258-260Cd) 



279-280(d) 



276-278Cd) 



•rmleate 105 C d > 
•0.3 EfeO 



yp^*/^ *2I 
1 95 -C^-^JHN^ -2 



2BC1 

5 HjO 
0.35 IPA 



239-241 



273-274(d) 



185-187 



200(d) 



50 



65 



65 
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10 



15 



20 



25 



30 



35 



40 



45 



50 



TABLE rg CONT'D 



Exanple RM 
196 



197 



198 



199 



200 



201 



202 



203 



go 

H 



"COW* 



X) 

o 
o 

o 



salt 



npC°C) 



•Kl >285 

•Kl >250 

•HC1 >285 

0. 5 EtOH 

•HCl 270-272(dec) 

•0.5 IfeO 

•HCl 263-265(dec) 

•0. 5 HaO 

•HC1 278-280Cdec) 



•HCl 251-253Cdec) 

•HCl 265-267Cdec) 
-O. 33 %0 
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Exanplo RM salt npC^C) 



204 
205 



206 



207 



208 



210 



•IE1 238-241 



-CCH2) 2 "v^v^\ -HC1 >285 



-CC^) 2 -v^^-% -HC1 >285 

He 

-XCWbCCCWjQH -HCl 230-232 



-CCH^sCHCCHOOH -HC1 201-203 



209 -C^CHCC%) 3 CH3 -HC1 260-262 



195-196 



67 



45 
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TYfrpr, JT CONT'D 



10 



15 



20 



25 



30 



35 



40 



Exanple RM 



211 



212 



213 



215 



216 



217 



218 



■o 



-(CH^CHCCHOa 



salt rrpC°C) 
279-281 

•0. 251^0 

231-233 

•0. *IH 2 0 

•HCl 246-248 
•0. 75IfeO 



214 -CHCCAXcaiO«c* .q.251%0 22 °- 221 C dec > 



-CCH^ocHa 

-(CH^OCHjCa, 
-CHa' 



-o 



192-194 



•0. 351^0 
•HC1 1 95-1 96 



•HC1 
•0. SHgO 

•HC1 
•0. SKaO 

•0. 5 EC OH 



255Cdec) 



183-184GdecO 



50 
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TABLE X 



R 15 



EM 



EXAMPLE 220 

Preparation of 6-Methanesuifonamkio^,4^ 
thyl hydrochloride 

StepA: A solution of 2-hydroxypropiophenone (15 g, 0.1 mol), 1-acetyM-piper!done (14.2 g f 0.1 mol) f and 
pyrrolidine (7.1 g, 0.1 mol) in CH 3 OH (150 ml) was heated at reflux for 6 days. After cooling to room 
temperature, the reaction was concentrated to dryness. The residue was chromatographed on silica gei 
using a Still column (90 mm) and the mixture efuted with 30% EtOAc-hexanes to yield 9.5 g of starting 
material and then 60% EtOAo-hexanes to yield 10 g (37%) of 
1'^cetemWo-3,4^ihydro^ethtf^^ 

StepB : To a solution of-concentrated HaSCU (18 md) was added the product of Step A (5 g 0.018 mol) at 
room temperature with stirring. After 0.5 hours, the mixture was cooled to -10°C and nitric acid (0.9 ml, 1.2 
g f 0.019 mol) in (1 .8 ml concentrated H2SO4) was added via syringe. After stirring for 0.5 hours at 0-4°C, the 
mixture was carefully added to NaHC0 3 (76 g) in and EiOAc After separation, the aqueous layer was 
further extracted with EtOAc (2 x). The combined organic layers were dried, filtered, and concentrated to 
dryness to yield 5.8 g (88%) of 
1^c*tamido-3,4^ihydro-3^etrryl^^ 

StepC: Under N* Ra-Ni (2 scoops in HjO) was added to the product of Step B (5.1 g, 0.01 6 mol) in AcOH 
(50 ml) and hydrogenated on a Parr shaker under 12 psL After 8 hours, the theoretical amount of rfe was 
absorbed and the reaction was then filtered through super eel under a blanket of Isfe and the filtrate was 
concentrated to dryness. The residue was dissolved in CH2CI2 (275 ml) and piperidine (13.6 ml, 13.2 g, 0.17 
mo!) and then methanesulfbnyl chloride (Z2 g, 0.017 mol) was added at room temperature. After 15 hours, 
the reaction was washed with H 2 0 cold 1.5 N HQ, saturated NaHC0 3 dried, filtered and concentrated to 
dryness to yield 5.2 g (89%) of 
1'*cetamido-3.4^hydro^ 

Step D: The product of Step C (5.2 g, 0.014 mol) in CHjOH (80 rrd) and 6N HCI (80 ml) was heated at 
reflux. After 7 hours, the reaction was concentrated to dryness and the residue flushed with EtOH (4 x) and 
then toluene to yield 5.0 g (98%) of the title compound. 

Employing the procedure substantially as described in Example 83 but substituting 6*nethanesulfbnami- 
do-3 4^ihydro*piro[(2H)-1 ^erizopyran-2,4'^lperidinH^e^etr^ hydrochloride for the 3,4-dihydro-6- 
methanesulfe^ hydrochloride used therein, and 

substituting an appropriate lectrophfl for the 5-(2-bromo thyOberoofurazan, the following compounds of 
Table XI were prepared : 




EP043134SA2 
TABLE XI 



O 



10 




15 







Salt 




221 


2-CN 


HC1»1/4H 2 0 


191-193 


222 


2-CH3 


HC1»1/2CH 3 0H 


267-269 


223 


4-C1 


HC1 


238-240 (dec) 


224 


4-CN 


HC1«1/4H 2 0 


300(dec) 



25 

EXAMPLE 225 R4 

3,4^ihydn>-6^ethanesulfonamido^^ 
30 dine]-4-one 

The title compound was prepared from 3,4^ihydro-6Hnethanesulfonamido-3^ethytep^^ 
zopy ran-2, 4'-p iperid ine}4-one hydrochloride in a manner analogous to that described in Example 52, Step C, 
mp 210-211°C. 

nal. CalCd for 022^3048^01^20 
35 C,51.72;H ( 5.79;N,822. 

Found : C f 51 .66 ; H, 5.91 ; N, 8^2. 

EXAMPLE 225A 

40 S^ihydro-e-methanesulfonamido-S^nethyt-l f -hexyi-spiro[(2H)-1 -benzopyran-2,4'-piperidin&4-one 

The title compound was prepared, from 3,4^ihydro-6-methanesulfonamido-3-methyt*spiro [(2H)-ben- 
zopyra n-2,4'-p iperid ine}4-one hydrochloride and hexyl bromide in a manner similar to that described in 
Example 83 ; mp = 261-264°C. 

45 EXAMPLE 226 

3,4^fhydio-3^ethyl-6^tha^ ^bergofarazan^yQethy^ 
-piperidineH-one hydrochloride 

The title compound was prepared from 3,4^il^n>-3^ethyl-6Hn8thanesufo 
so zopyran-2,4'-piperidine-4-one hydrochloride 

(Example 220) and 5-{2-bromoethyI)benzofurazan in a manner analogous to that described in Example 83 ; 
mp 240-243°C. 

AnaL CaJCd for C^asHAS HCI : 
C, 54.48 ;H 5^7 ;N, 11.05. 
55 Found : C, 54.14 ; H, 5.36 ; N, 1 1.01. 

EXAMPLE 227 



7© 
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3.44)ihvdrp^ethyt-6Hfnethan 
-plperidine-4-oI hemihydrate 

3,44>ihydn>3*Tiethyl-6^tha^ ' p^benzolurazan^yOetny^ 

2,4'-piperidine-4-one was reduced w3h sodium torohydride in a manner analogous to that described In 
5 Example 429 to give the title compound as a mixture of diastereomers- 
Anal. CalCd for C^HmNiOsSI^O : 
C, 57.36 ;H, 6.07 ;N, 11.64. 
Found : C f 57.17 ; H, 5.75 ; N, 11.42. 



10 EXAMPLE 228 



1 ^ydroxymethyl>-4-(1 H-imidazoH -yQbenzene 

To a mixture of 4-(1H-imidazd-1-y0benzoic acid methyl ester (prepared as described in U.S. Patent No. 
4,804.662) (1.5 g) in THF (25 ml) at -15°C was added a solution of 1M LAH/THF (10.4) mi). The mixture was 
is stirred for 1/2 hour and allowed to warm to room temperature. The reaction was quenched by addition of water 
(0.5 ml) and then diluted with methanol (50 ml) and filtered. Concentration of the filtrate yielded 1 2 g (98%) of 
1 -(hydroxymethyl)-4-{1 K-imidazd-1-yl)-Denzene. 

iH NMR (300 MHz, CDCI3) : S 4.75 (s, 3H). 7.15 (s, 1H), 7.25 (s, 1H), 7.32 (d, 2H, J=12Hz), 7.48 (d, 2H, 
J=12Hz), 7.75 (s,1H). 

20 

EXAMPLE 229 

6-MethanesuIfonamido-3,4-dihydn>1 X2Hfnethylsulfinylethy0spiror(2H)-1 -ben2opyran-2,4 , >plperidine}-4> 

one 

25 A solution of 6-meuianesulfcmamlo^ t 4^ihyd^ 

piperidineH-one (0-30 g, 0.78 mmol) in 15 mL of methanol was treated dropwise with a solution of sodium 
periodate (0.17 g, 0.78 mmol) in 15 mL of water. The solution was stirred at 25°C for 3 hours, and was then 
poured into 25 ml of water and extracted with a total of 1 00 mL of ethyl acetate. The organic phase was dried 
(MgS0 4 ), filtered and concentrated in vacuo to give the product as a pale yeflowfbam. The foam was dissolved 

so in 30 mL of absolute ethanol and was treated with excess 4.8N ethanolic HC1. The resulting solid was collected 
and dried for 4 hours at 100°C under vacuum to give 0.083 g (24%) of product, mp 181-183°C. 
Anal. CalCd. for CuHsCihfeOsSa : 
C, 46.72 ;H, 5.77 ;N f 6.41. 
Found : C. 46.60 ; H, 5.69 ; N, 6.42. 

35 

EXAMPLE 230 

64*ethanesulfonamido-3,4^hyoVo-1M2-me^ 
4-one 

40 A solution of 6-methanesulfonamido^,4^ihya^ 

piperidineJ-4-one (0.335 g, 0.871 mmol) in 1 5 mL of methanol was treated dropwise with a solution of Oxone® 
(0.803 g, 1.31 mmol) in 15 mL of water. The resulting mixture was stirred at 25°C for 2 hours. The reaction 
mixture was then poured into 50 mL of saturated aqueous NaHCQs and extracted with a total of 100 mL of ethyl 
acetate. The organic phase was dried (MgSO^, filtered, and concentrated in vacuo to a pale yellow oil which 

45 was shown to be a mixture by then layer analysis. The mixture was chromatographed on silica gel using 5% 
methanol in methylene chloride eluant The pure oQ was dissolved in 20 mL of absolute ethanol and was treated 
with excess 4.8N ethanolic HC1. The solid was collected washed with diethyl ether, and dried for 4 hours at 
100°C under vacuum to give 0.176 g (44.6%) of product, mp 25G-251°C. 
nal. CalCd. for Ct^CINaOgSj : 

SO C 45.07 ;H. 5.56 ;N, 6.19. 

Found : C, 45.26 ; H, 5.65 ; N. 6.21 . 



EXAMPLE 231 

3.4^ihydro^methoxy^pimK2HH hydrochloride 
The title compound was prepared according to the procedure described in Example 67, Step A but sub- 
stituting 5-methoxy-2-hydroxyacetophenone for 2-acetyJ-phenol ; mp 235-237°C. 
Anal. CalCd. for CuHmNOrHCI : 
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C, 59.25 ;H, 639; N, 4.93. 

Found : C. 59.00 ;H,&20;N, 4w84. 

EXAMPLE 232 

5 

6-Methoxy-3,4-dihydro-1 ^2^4^ethanesulfonamkiopheny0ethyf)sp^ 
dine-4-one 

A mixture of3 f 4^ihydro-5-n«thoxy-sptro [(2H)-benzopyran-2 f 4 r ^ip»idlneH-one hydrochloride (1 g, 3-52 
mmol) and 214Kmetrranesutfonamkio)pherTyO-e^ (1.5 g, 5.1 mmol) and sodium blcarbo- 

10 nate (excess) and Ul (680 mg, 5. 1 mmole) in 30 mL acetonitrfle was heated to reflux for 8 hours. The reaction 
was cooled to room temperature and poured into 200 mL saturated sodium bicarbonate and extracted with ethyl 
acetate. The ethyl acetate layers were dried over MgS0 4 , fitered and concentrated in vacuo. The residue was 
chromatographed on silica gel using 2% to 5% MeOH/CHCfe as eluant to give 1.2 g. The solid was dissolved 
in ethanol and treated with excess ethanoDc HC1 . The solid was collected and dried under vacuum to give 0.900 

15 g product, mp 255°C. 

Anal. CalCd. for GbHzsNsOs-HCI : 
C, 56.95 ; H, 6.02 ; N, 5.77. 
Found : C, 56.81 ; H. 5.91 ; N, 5.76. 

Employing the procedure substantially as described in Example 232, but substituting for the 2-{4- 

20 (metr^nesulfonamido)phenyI]ethylmethanesu!fonate used therein, the appropriate electrophfles there were 
produced the compounds of Table XIL 

TASU3 JJX 



30 



35 



40 




""to; 



^R-M 



45 



50 



55 
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PM salt npC°C) 



CHjC11, XS P « 8,0146-148 

-CH 2 CHb-^^-C»fe »HC1 281 -283 



-c^ci^-O-^oc^ ,HC1 261 ~ 263 



-CHjCI^-^-F -Kl 264-266 

F 

-d^CHb-/( )>-CN 1 55-1 56 





O 



/^Tv II »HC1 200 

cH 2 -co-(jg)-^c^ #C2H50H 

o 

-CH 2 -CO-@ 245Cdec) 

C v^ •ZHCl 21 3 

•0. 75 HzO 



>5 
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Xfflj^B m cont'd 



EM salt npC°C) notes 



CN 



HP 



I 

NHj 



-CBjCHj 



CI 



«HC1 229-231 



<»HC1 191-193. S 

CN 

/r 



*HC1 24B-250. 5 a 

«1/4IfeO 



101-1 OA 



-CHjCBj-^ ^ »HC1 254-236 

*HC1 256-258Cdec) 



-CHjCHj- 

CH3 



-136-138 



-CH a Cl%--^_V" F ^ 247-249Cdec) 

^ => ^ ^/IOHjO 
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TAflTtTi m CONT'D 



Exanple RM salt npC°CQ not©^ 

250 -C^O%-(^-^HSP»CB| .HC1 275 

*HC1 1 97-1 99C doc) a 

251 -cny^—Cj 

252 . W n,HQH^C« 1«.163 



253 ~ CK W /7-\ •O.SSHjO 



132-134 



Notes : 

(a) Prepared from the corresponding cyano compounds essentially by the methods described in 
Example 369. 

(b) The pj-methytthio and p-methyisulonytphenethyi alcohols were prepared by the method of G.M. Ben- 
nett and MM. Hafez, J. Chem. Soc., 1941, 652 ; and the mesylates of these alcohols were prepared by 
the method described in Example 89, Step C. 

EXAMPLE 254 



6-Methoxy-3,4-dihydro-sptro{2H>-1 -£ergopyrarv2,3'-piperidine-4-one hydrochloride 
Employing a procedure analogous to that described for Example 52, Steps A and B, but substituting 5-me- 
thoxy-2-hydroxyacetophenone for the orthohydroxyacetophenone used therein there was obtained 6-methoxy- 
S^ihydro-sptrotaHH -benzopyran-2, 3'-ptperidine-4-one hydrochloride, mp 276-278°C (dec). 

Employing the procedure substantially as described in Example 53, but substituting 6-methoxy-3,4-dihy» 
dro-spiro(2H>-1-benzopyran-2 f 3'-piperidine-4-one for the 3,4-dihyo^o-spiro(2H)-1-ben2opyran-2,3'-piperi- 
dine]-4-one used therein, and substituting the appropriate electrophfles for the 2-{4-methane- 
sulfonamidophenyljethyl mesylate used therein, there were obtained the spiropiperidines described in the fol- 
lowing table. 
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TABLE XIII 



I 



R— M 



Exanple BM salt wp( 0 C) 

/p^ oHCl 207-209 

254a -CI^CHa-^y^IEC^C^ « 0 . 35^11. 

»0. 15HfeO 

rz\ »HC1 251-253 

255 -CHjCI^-^-CN #a 75^!% 

•0. 35I%0 

256 -CH a CH 2 -^_^ :5N ,0. 1 EtOH 

•0. 1 BfcO 

Employing the procedure substantially as described in Example 52, Step C, but starting with &-methanesul- 
fonamido^,4^ihydrosDiro-2H-1-benzopyran-2,3'^iperidine-4-one and the appropriate vinyl pyridines there 
were obtained the following compounds. 

TABLE XIV 




O 



IH3SO2NH 
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Exanple RM 3alt "PC£l 

/ r = n. »2HC1 285C<iec) 

257 -CHjCHjKQ) 

N— ( 
CH3 

-2HC1 192 

258 -CI^CIfe-^N «0. 5I%0 

Employing the procedure substantially as described in Example 83. but substituting for the 5-(2-bromoe- 
thyObenzofuraran used therein, an appropriate etectrophile, there were produced the following compounds. 

TABLE XV 



Exanple RM 



I 

R-M 



salt rrpC°CQ 



NHSOjCK, »HCl 173 

Jri "°" 5H2 ° 

259 -CHzCI^-^J/ .0. 25C 2 HgOH 

CI 

/—( •HEl ' 

260 -CH 2 CH 2 -(y>-c:L .0.251^0 240-242 

261 -CHaCHz-^Q^-CN -0. SHjO 235-236 

• HCl 173-175 

262 -CC^sCN #Q 5Hz0 



263 -CCIfcDeCHa 
EXAMPLE 264 



'HCl 164-166 
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64dethanesutfonaiTddo^,4^ihydfo-1 '-(2-(4-smtnophe nyi)ethyf>spiro[(2H>>1 -benzopyran-2,4 f -piperi- 
dine]-4~one 

The tfiie compound was prepared from e^nethanesi^fonamidc^.^KlIhydro-l '-{2-<4-nftrophenyl)ethyt)-sph 
ro[(2H>1 -benzopyran-2,4'-plperidineH-one by a procedure analogous to that described in Example 25, mp 
271°C(dec). 

Employing a procedure substantiaDy as described in Example 28 but substituting 6-methansuIfbnamido- 
3 f 4^lhydn>-1H2K4^mirK)phenyl^^ for the 1-{2-(4-8im- 

nophenyt)ethyi) spiro(piperidine^,6Mhjeno[2,34]tM^ used therin and the appropriate alky) 

or aryl sutfonyl chlorides, there were produced the following compounds. 



TABLE XVI 



C^SQ2 




265 
266 
267 
268 
269 



_K 16 _ Salt 

-CH2CH3 •HCl 

-CH2CH2CH3 •HCl 

-CH(CH 3 ) 2 # HC1 

-CH2CH2CH2CH3 •HCl 

-C 6 H 4 CH 3 # HC1 
•H 2 0 



MP <°<?>- 
250 (dec) 
257 <dec) 
272 (dec) 
205-207 
204-205 



EXAMPLE 270 

6-Methanesu1fonamido^,4^[hyo^1^ 
dine]-4-one 

A suspension of 6HnethanesuIfbnan^do^^ihydi©-1'^^^ 
zopyran-2,4'-piperidineH-one (0.50 g, 1.2 mmol), and pyridine (0.09 mL, 1.2 mmo!) in 25 mL of methylene 
chloride was cooled in an Ice bath and treated dropwise with acetyl chloride (0X9 mL, 1.2 mmol). The mixture 
was stirred at 0°C for 2 hours, and then filtered. The tan solid was washed with methylene chloride and dried 
in the air. The solid was found to be a mixture by thin layer analysis, and was chromatographed on silica gel 
using 10% methanol In methylene chloride eluant The pure ofl was dissolved in 20 mL of absolute ethanol and 
was treated with excess 4.8N ethanolic HCL The solution was then concentrated to 10 mL. The resulting ivory 
colored solid was collected washed with diethyl ether, and dried 3 hours at 100°C under vacuum to give 0.10 
g (18%) of product mp, 294°C(dec). 
Anal. CalCd. for C24H30CIN3O5S : 
C, 56.74 ; H, 5.95 ; N, 8.27. 
Found : C, 56.70 ; H, 5.90 ; N t 8.08. 

EXAMPLE 271 



6^ethanesulfonamido^ t 4^lhydro^ 
zopyran-2,4 f -piperidtneH«one (A) and 64dethanesulforiamldo-3,4-dihydn>1 M2^4^methylsulfirTyt methyl) 
phenyl)ethyl)^piroK2HH^nzopy^ (B) 
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A solution of e^ettenesuKbnami^ tPHM- 
benzopyran-2.4'-piperidin H-one (450 mg, 0.88 mmol) In 10 mL methanol was treated with a solution of 
Oxone® {450 mg, 0.71 mmol) in 10 mL water. The reaction was stirred at room temperature for 1 hour and 
then poured into 100 mL saturated sodium bicarbonate and extracted wfth ethyl acetate. The ethyl acetate 
layers were dried over anhydrous magnesium sulfate, filtered and concentrated In vacua The residue was 
chromatographed on silica gel eluting wfth 2% MeOWCHCfe to give in order of elution 218.8mg of (A) free base 
and 170 mg of (B) free base. Each was dissolved in ethanol and treated with excess ethandic Ha. The solids 
were collected and dried in vacuo to give 180 mg (A>HCI-0.3H2O, mp 285°C. 
Anal. CalCd. for C 24 H w N2O e S r Ha.0.3 Hfi : 
C, 52.55 ;H, 5.81 ; N, 5.11. 
Found : C, 52^4 ; H, 5.75 ; N, 4.98. 

The sample of (B) was treated in a similar manna- to give 140 mg (B) Hd-aSSHaO, mp 274°G. 
Anal. CalcU for CziHaor^OsSrHCIO.SS HjO : 
C, 54.04 ; H, 5.99 ; N ( 5.25. 
Found : C t 54.08 ; H, 5.78 ; N, 5.23. 

EXAMPLE 272 

64dethanesulfonamid^^ 

A solution of 6^ethanesulfonamido-3,4^hydrosp^^ (920 mg, 

2.65 mmo!3) and 4-vinyl-pyridine (1 g) in 15 mL methanol and 15 mL water was treated with NaOAc (200 mg) 
and heated to reflux for 16 hours. The reaction was cooled to room temperature and poured Into ^ 100 mL 
of 1 Nt NaOH. The mixture was extracted with ethyl acetate. The ethyl acetate extracts were discarded and the 
pH of the aqueous phase was adjusted topH "v.8-9 and extracted with ethyl acetate. The organic layer was 
dried over magnesium sulfate, filtered and concentrated in vacua The product was crystallized from ethyl ace- 
tate to give 470 mg of material that melted at 202-204°C. 
AnaL CalCd. for C^H^CUS : 
C, 60.70 ;H, 6.06 ; N, 9.67. 
Found : C, 60.71 ; H, 6.04 ; N, 9.89. 

Employing the procedure described in Example 58, but substituting the appropriate alkyl or aryl surfonyi 
chlorides for the methanesuffonyl chloride used therein, there were obtained the following compounds. 



TABLE YVTI 



►17 



S02 




273 
274 
275 




Salt 



Iff CO 

64-66 

67-70 



-(CH 2 >2 CH 3 
-C6 H 4 CH 3 



•0.5H 2 0 

•2HC1 

•H 2 0 



193-195 



EXAMPLE 276 
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dtneH-one 

The title compound was prepared from 3,4-dihydro^ethanesulfo^ 
piperidineH-one hydrochloride and 2-chIoro-5-chloroethylpyridine hydrochloride by a procedure analogous to 
that described In Example 92, Step B. [The 2-(^oro-5-chloroethylpyrfcJIne hydrochloride used In this reaction 
was obtained by treating 6-ch]oropyrid-3-yl acetic acid (LA. Carlson, Acta Phamv Suedca, 9,411 (1 972)) with 
borane-tetrahydrofuran complex followed by reaction wfth thtonyl chloride.] mp 213-21 5°C. 
AnaL CalCd. for C^H^dN^S : 
C, 56.05 ; H, 5.38 ; N t 934. 
Found : C, 55.93 ; H, 5.41 ; N f 9.20. 

EXAMPLE 277 

6-MethanesuKonanrdde^4^lhydrD-1T2^^^ 
piperidine]-4-one 

The N-oxide of the product of Example 276 was prepared by treating 6-methanesuifonam!do-3,4-dihydn>- 
1'-{2-{2-chIoro-pyrld-5-y0ethylJspiro [(2H)-1^en2opyran-2 l 4 , -plperidineH-one (0.170 g, 0.000378 mol) in 120 
mL of chloroform with 0276 g (0.0008 mo!) of nvchloroperbenzoic acid at room temperature overnight Calcium 
hydroxide (0.12 g, 0.001 6 mo!) was added, the mixture was stirred one hour at room temperature and was fil- 
tered and concentrated in vacuo. Rash chromatography on silica gel using CH2CI2 : methanol : concentrated 
NH4OH (90 : 10 : 2) gave the title compound, mp 170-171°C. 
Anal. CalCd. for C^H^aNsO^S : 
C, 54.13 ;H. 5.19 ;N f 9.02. 
Found : C, 54.1 1 ; H, 5.29 ; N, 8.94. 

EXAMPLE 278 

6-Methanesulfonamido^,4^hydiT>-1M242K1^ 
dlne]-4-one hydrochloride 

A mixture of 0.752 g of6^ethanesuIfcmmido-3,4-dihydro-spIro[(2H)-1 -benzopyran-2,4'-pf pertdlneH-one 
hydrochloride, 0.912 g sodium bicarbonate (s), 0.463 g of 1-(p-chloroethyl)-2-(1H)-pyridone hydrochloride (E. 
Wilson and M. Tishler, J. Am. Chem. Soc., 73, 3635 (1951)), a small crystal of potassium iodide and 25 mL of 
dry acetonitrfle was stirred and refluxed ovemght The solvent was removed in vacuo and the residue was par- 
titioned between ethyl acetate and water. The organic phase was separated and was washed an additional 
five times with water. The organic phase was dried (MgS0 4 ), filtered, and evaporated, and the residual ol was 
converted to a hydrochloride salt Recrystaliization from methanol gave the title compound, mp 258- 
260°C(dec). 

Anal. CalCd. for C^HasNsOsSHCI : 
C, 53.90 ; H, 5.60 ; N, 8.98. 
Found : C, 53.62 ; H, 5.61 ; N, 8.91. 

The compounds of Table XVIII were prepared by heating a solution of 6-methanesuIfonamido-3 f 4-dihydro- 
spiro[(2H)-1-benzopyran-2 1 4 -piperidineH-one (Example 70, Method 2, Step D) or 6-methoxy-3,4-dihydros- 
ptro[(2H)-1 -benzopyran-2,4'-piperidine]-4-one with an equtmoiar amount of 
2-{tetrazo(o[1 ,5-a]pyrid~6-yl)Qxirane (U.S. Patent No. 4,358,455) in ethanol to reflux for 1 .5 hours. The reaction 
mixture was evaporated and the residue crystallized first from a minimum of ethyl acetate and recrystaOized 
from ethanol to give the desired tetrazolopyridine (essentially as described in U.S. Patent No. 4,358,455 
Example 4, Step D). 
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TA*t.T will 



Example 

279 

280 




HQ 
-175 



*Isopropyl alcohol 

The compounds of Table XIX were prepared by heating a solution of 35.4 mmoles of the corresponding 
compound of Table XVIII and 24 g (106 mmoles) of stannous chloride dihydrate in 60 ml of 12 N HCI to reflux 
for 2 hours. The reaction was evaporated to dryness, the residue suspended in 1 50 ml of methanol and basffled 
with concentrated NH 4 OH. The precipitated saits were removed by filtration and the product in the filtrated 
chromatographed over 600 g of silica gel, eluting with a mixture of CHaC^ : CH3OH : concentrated NH4OH (15: 
5 : 4) to give, upon evaporation of the eiuate, the desired aminopyridine compound (essentially as described 
in U.S. Patent No. 4,358,455 Example 4, Step E). 



O 




OH 



Example Salt PF (*C) 

281 CH 3 S0 2 NH- — 186-188 

282 CH3O- 207-209 

The compounds of Table XX were prepared from the corresponding compounds of Table XIX essentially 
by the method described In the J. org. Chem., 26, 122 (1961) for the conversion of 2-amino^-methyfpyrfdin 
to 2-hydroxyH5-m thylpyridine. 
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TABLE XX 



O 



H 




OH 



283 



284 




Salt 



0.5H 2 0 



222-223 
224<dec) 



EXAMPLE 285 

142^2-PyridyQethynspiro[1-methyl-2KM^ dihydrochloride hydrate 

A mixture of 0.108 g (0.0005 mol) of sptro[lHnetrr/l-2^o-indoline-3 l 4'-piperidine (prepared according to 
U.S. 4,233,307) 0.21 g (0.002 mol) of 2-vinyIpyridine, 0.068 g (0.0005 mol) of sodium acetate trihydrate, 2 mL 
of ethanol and 3 drops of glacial acetic acid was refluxed for 18 hours. The solvent was evaporated and the 
residue was dissolved in Ch^CI* After washing with a solution of sodium bicarbonate, the methylene chloride 
phase was dried (Na^O^, filtered and evaporated. The residue was purified by chromatography on sOica gel 
using 4% CH 3 OH in CH 2 Ck The homogeneous free base was converted to Its hydrochloride salt to give the 
title compound, mp 193-195°C. 
Anal. CalcU for CzoHaNsO-KCI-HzO : 
C, 58.23 ;H, 6.60; N, 10.19. 
Found : C, 58.43 ; H, 6.52 ; N, 10.12. 

EXAMPLE 286 

1 42KBenzoftjrazan^yl)eOTy^ hydrochloride-O^KzO 
A mixture of 0.108 g (0.0005 mol) of spiro[1-memyi-2^xoHndoline-3 t 4'-piperidine (prepared asdescribed 
in U.S. Patent No. 4,233,307) 0.338 g (0.0015 md) 5-(2-bromoemyi)benzofurazan 0.083 g, (0.0005 moi) of 
potassium iodide, 0.168 g (0.002 moi) of sodium bicarbonate, and 10 mL of ethanol was refluxed for 24 hours. 
After cooling, the mixture was concentrated to dryness and the residue was re-dissolved in chloroform. The 
mixture was filtered and the filtrate was concentrated In vacuo. The residue was purified by chromatography 
on silica gel using 2% CH 3 OH in 0H 2 O^ The homogeneous free base obtained after chromatography was con- 
verted into its hydrochloride salt using ethanolic HCI to give the title compound, mp >275°C. 
Anal. CalCd. for C^H^OyHCI-O^HaO : 
C, 62.11 ;H, 5.91 ; N, 13.80. 
Found : C, 62.15 ; H, 5.87 ; N. 13.61. 

EXAMPLE 287 

1 42K2-Benzcftjrazarh5-yI)em^ (3H), 4'-pipertdine] hyd- 

rochloride 

I'-Methyl-spironsobenzofuran-^SH), 4'-piperidine}-3-one was prepared by the method of W.E. Pamam, 
et aL, J. Org,. Cherru, 41 (15), 2628 (1976). This compound was nitrated by th procedure of Example 60, Step 

A, to give the corresponding nitro compound, which was reduced by the method of Example 70, Method 2, Step 

B. Themethanesuffonamid derivative was prepared using the method of Example 70, Method 2, Step C. Using 
this compound and the procedure described in Example 60, Steps C and D, there was produced splro[5- 
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methanesulfbnamktoisob^ Employing the procedure substantially 

as described In Example 94. Step B, but substituting for 3,4KiIhydro-6-methanes^ 

2opyran-2,4'-pIperidIneH-one used therein, spirop^thanesuffbnairtdoisob^ 4'-pipei> 
dlne]hydrochloride there was produced the title compound, mp 272-274°C(dec). 
Anal. CalCd. tor QaHjiN^SHCI : 
C, 54.24 ; H, SA2 ; N, 12.05. 
Found : C, 54.02 ; H, 5,34 ; N, 11.98. 

EXAMPLE 288 

3.4-Dihydro^meft<^-1^2^-ben^ 
one hydrochloride 

Stepl : Hsopropenyibenzimidazolone (J. Davol, J. Chem. Soc., 1960, 308) was alkylated with 1,2-dib- 
romoethane using sodium hydride in DMF. The product was purified by chromatography and crystallization from 
cydohexane to give 1^opropenyI-3K2-*romoethyI)berizimidazolone. 
Anal. CalCd. for daHtsBrhfeO : 
C, 51.26 ;H, 4.66 ; N, 9.97. 
Found : C, 51.44 ; H, 4.67 ; N, 9.98. 

Step 2 : Using the procedure described for the preparation of 6-rnethGxy-3,4-dihydro-1 '-<2-(2-methanesul- 
fonamidopheny0ethy0spiro4(2HH^er^pyrarv2,4 / -pi butsubstftuting 1-lsopropenyI-3K2-bro- 

moethylJbenzimkJazolone for the 2-[4-methanesidfonamWophenyl]ethy1 methanesulfonate used therein, there 
is produced an isopropenyl derivative of the tale compound. The isopropenyi protecting group was removed 
by storing an ethanolic solution of the compound with concentrated hydrochloric acid at room temperature. The 
title compound crystallized from the reaction mixture and was purified by recrystaiiization from ethanol, mp 267- 
269°C(dec). 

AnaL CalCd. for C^H^N^-HCI : 
C,62£3;H,5.90;N. 9.47. 
Found : C, 62.34 ; H, 5.82 ; N, 9.34. 

EXAMPLE 289 

3.4-Dlhydro-8^ethoxy-1'^^ 
piperidineH-one hydrochloride 

Step A : Preparation of 4-{2-hydfoxyethyi)benzylamine 

A solution of 0.74 g (0.005 mo!) of p-cyanophenethyl alcohol in 50 ml of ethanol containing 10 ml of con- 
centrated hydrochloric add was hydrogenated at 30 psi using 0.1 g 5% Pd/C for 72 hours. The catalyst was 
removed by filtration and the solvent was removed under reduced pressure. 

Step B : Preparation of N-cyano4^W2-hydroxyeth^ 

The residue obtained from the hydrogenation reaction (0.88 g ( 0.007 mol) was dissolved in 20 ml of acetonit- 
rile and 0.4 g (0.0047 mol) of sodium bicarbonate and 0.687 (0.0047 mole) of dimethylcyanodithioimidocarbo- 
nate were added. The mixture was refluxed overnight After cooling, the white solid was removed by filtration 
and dried to give 0.93 g of N^m>-N44^2-hydroxyethy0^ mp 164-165°C. 

Anal. CalCd. for C«H 16 N30S : 
C, 57.80 ;H, 6.06 ; N, 16,86. 
Found : C, 5758 ; H, 5.88 ; N, 16.80. 

Step C : Preparation of 3.4^ihydio^ethaxH'^4^ 
ro[(2HV1-benzopyran-2,4 , "PlperidineH-one hydrochloride 

N-Cyano4sl44K24iydraxye^^ (0-47 g, 0.00189 mol) and triethylamine (0.48 

g, 0.0047 mol) were dissolved in dichlorom ethane. MethanesuHbnyl chloride (0.43 g, 0.00378 mol) was added 
and the mixture was stirred at reflux overnight The cooled reaction mixture was dHuted with methylene chloride 
and was washed with an aqueous solution of sodium bicarbonate. The organic phase was separated, dried 
(Na^O*) filtered, and evaporated. To the residue was added 0.4 g (0.00475 mol) of sodium bicarbonate and 
0.426 g (0.0015 g) of 3,4^ihydro^ethoxy^piro[(2HH^enzopyr^ hydrochloride and 

20 ml of acetonltrfle. The mixture was heated at reflux for 60 hours. The cooled mixture was diluted with water 
and was extracted with methylene chloride. This organic phase was dried over MgSO* filtered, and the solvent 
removed under reduced pressure. The residue was purifed byflash column chromatography on silica gel luting 
with 5% methanol in chloroform. The purified product was converted to the hydrochloride salt Recrystaliizati n 
from methanol gave the title compound, mp 263-264°C. 
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Anal CalCd. for Ca&HsoNaQsS-HCI : 
C, 60.63 ;H. 6.07 ;N,1088. 
Found : C, 60.56 ; H, 5.98 ; N. 10,84. 

EXAMPLE 290 

3 t 4^ihydro-6^ethoxy-1M2^4-fl^ 
2 t 4 , -piperidineH-one hydrochloride 
Step A : Preparation of 

A solution of 0.42 g (0.00168 md) of h^<^o4^4^24Tydroxyethy1)benz^^ In 50 ml 

of methanol and 10 g of methyiamine was stirred at room temperature overnight Evaporation of the solvent 
gave the title compound. 

Step B : Preparation of 3 t 4^foydrc-6HTtethaxy-1'^4^ 
ro[(2H)-1 -benzopyran-2,4's>iperidine}-one hydrochloride 

To a solution of the h^<yano44^*nethyWM4^^ In 10 ml of pyridine was 

added 0.25 g (0.00218 mol) of methanesuKbnyl chloride and the mixture was stirred at room temperature for 
5 hours. The solvent was removed under reduced pressure and the residue was dissolved in methylene chloride 
and was washed with a saturated solution of sodium bicarbonate. The organic phase was separated, dried 
(MgS0 4 ) filtered, and evaporated. To the residue was added 0.426 g (0.0015 md) of 3,4-dihydro-6-methoxy- 
spiro[(2H)-1^inopyran-2^ , ^iperidineH-one hydrochloride 0.315 g (0.00375 md) of sodium bicarbonate, 
and 25 ml of acetonitriie. The mixture was heated under reflux for 24 hours. After evaporating the solvent, the 
residue was extracted into methylene chloride. This organic phase was washed with water, dried (Na^O*) fil- 
tered, and evaporated to dryness. The residue was purified by flash cdumn chromatography on sQica gel eiuting 
with 5% methanol in methylene chloride. The purffied product was converted to the hydrochloride salt Recrys- 
taJlization from isopropyi alcohol/methanol gave the title compound, mp about 204°C (dec). 
Anal. CalCd. for C 2B H 31 N5O.HCI-0.5 Hfi : 
C,61.59;H,6.56;N, 13.81. 
Found :C t 61.59 ;H, 6.57 ; N, 13.62. 

EXAMPLE 291 

1 '^2-Pyrioy )ethyqspiro[1^^ dihydrochloride 
Step A : Preparation of 1^thoxycarbonylHSpiro[lHneth^ 

A mixture of 9.09 g (0.03 mol) of 2-bromo^2-bromoethyI)-N-c^ (S. Huybrechts and 

G. J. Hoomaert, Syn. Comm., 11 (1), 17-23 (1981)) and 2.94 g (0.02 mol) of lnnethyl-2-oxoinddine in 10 ml 
of DMF was warmed at 50°C in an on bath. Sodium hydride (2,0 g, 60%, 0.05 mol) was added in small portions, 
and after the addftfon was complete, the mixture was heated at 50°C for 1 2 hours. The DMF was removed under 
reduced pressure. The residue was triturated with hexane. The residue crystallized and was filtered off and 
washed to give 2.7 g 1'-ethoxycaroony»^pto[1^thy^ 

Step B : Preparation of spiro[1-methyl-2-oxo-5^ethanesulfc^ hydrochloride 

A sdution of 0.144 g (0.0005 md) of the product of Step A in 1.5 ml of methylene chloride and 0.142 ml 
of acetic anhydride was treated at 0°C with 0.105 g (0.0015 mol) of 90% fuming nitric add. When the addition 
was complete the solution was allowed to stir at room temperature for 3 hours. The solution was then coded 
and saturated sodium bicarbonate sdution was added until the mixture was basic. The mixture was extracted 
with methylene chloride. After drying (NaaSO^, the mixture was filtered, and the sdvent was evaporated. The 
residue was hydrogenated in ethand over Raney nickel catalyst at 10 psi overnight The mixture was filtered, 
and the ethand was removed under reduced pressure. The residue was dissolved In a mixture of 25 mi of 
methylene chloride and 0.84 g (0.0083 md) of triethylamine and then was treated with 0.70 g (0.0069 mo!) of 
methanesuifonyl chloride. The mixture was stirred overnight at room temperature. The reaction mixture was 
washed with sodium bicarbonate solution, dried (NgS0 4 ), filtered and evaporated. The crude product was puri- 
fied by chromatography on silica gel using 3% methand In methylene chloride. The purified product was ref- 
luxed with 6N hydrochloric add for 3.5 hours. Evaporation of the solvent gave 
spiro[1^th^2-Gxo*rnethanesu^ 

Step C : Preparation of I'-g^-PyridyQethyOspW 
piperidine dihydrochloride 

A mixture of 0.16 g (0.000524 md) of material from Step B, 0.22 g (0.0021 md) of vinylpyridine 0.143 g 
(0.00105 md) of sodium acetate trihydrate, and 6 ml of aqueous ethand (1 : 1) was refluxed for 12 hours. The 
solvent was removed under reduced pressure, and the residue was dissdved in methylene chloride and was 
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washed with sodium bicarbonate. The organic phase was dried (Na^O*) ffltered. and evaporated. The residue 
was purified by chromatography n silica gel using 5% methanol in chloroform. The purified product was con- 
verted to its hydrochloride salt using ethanoRc hydrogen chloride, and was recrystallized from ethanol, mp 
214°C. 

5 AnaL Calcd for C^H^NUC^S^a^^C^sOHO^ H2O : 
C, 50.83 ; H, 5.97 ;N, 11.08. 
Found : C ( 50.84 ; H, 5.97 ; N, 11.08. 

EXAMPLE 292 

10 

1 ^^2-PyridyQetiiynsplro[1^thy Whydrochloride 
Step A : Preparation of spiro[lHrnetrryl-5Hnethanesuffona^ 
To a suspension of 0.50 g (0.001616 mol) of sptro[1-methyl-2-(«o-5-meto^ 
piperidine] in 30 mi of dry tetrahydrofuran was added dropwise 4 ml (0.04 moJ) of a 1.0 M solution of Othium 
15 aluminum hydride in THF. The mixture was stirred and refluxed for 5 hours. A saturated solution of ammonium 
chloride was added dropwise to the cooled reaction mixture urtta a clear, colorless organic phase was obtained 
and a semisolid inorganic phase was deposited on the bottom of the flask. The THF phase was decanted and 
the inorganic phase was washed with chloroform. The combined organ'© phases were dried (Na 2 S0 4 ) Altered, 
and evaporated to afford 0.36 g of spfro[1^nethyl*5-methanesulf^ 
20 Step B : Preparation of 1'^-g-Pyridynethynsprro[1-met^^ 
trihydrochioride 

A mixture of 0.1 5 g (0.000537 mol) of spiro[1-methyl-5^ethanesulfonamk^ from 
Step A, 0.22 g (0.00215 mol) of 2-vinylpyridine, 0.073 g (0.000537 mol) of sodium acetate trihydrate, and 6 ml 
of aqueous acetone (1 : 1) was stirred and heated at reflux for 12 hours. An additional 0.06 g (0.000537 mol) 

25 of 2-vinylpyridine was added and the solution was refluxed for 5 hours. The solvent was removed under reduced 
pressure and the residue was dissolved in methylene chloride, washed with water, dried (NajSO^ .filtered, and 
evaporated. The residue was purified by chromatography on silica gel using 5% methanol in chloroform toeiute. 
The purified product was converted to the hydrochloride salt in isopropyl alcohol, mp 183-189°. 
Anal. Calcd. for C^H^QaSSHCI-HaO : 

30 C, 47.77 ;H ( 6.30 ;N, 10.61. 

Found : C, 47.99 ; H, 6.34 ; N, 10.46. 

EXAMPLE 293 

35 3,4-DihydrD-6^ethoxy-iqi.3-dir^ 3H)-dione-6^piro[(2H)-1-be^zopyrarv2 t 4 , - 
piperidineH-one 

A solution of 3,4Klihydro-6^ethoxyspircK(2^^ hydrochloride (0.568 g, 

2 mmol), 6<hloro-1 f 3-dimethylpyrtnidine-2 t 4-{1H, 3H>dione (0.349 g, 2 mmol) and sodium bicarbonate (0.42 
g, 5 mmol) in acetonitrfle was heated at reflux for 42 hours. After cooling, the reaction mixture was concentrated 

40 in vacuo to dryness. The residue was partitioned between chloroform and water. The chloroform solution was 
washed twice with water and once with saturated brine solution and then dried over sodium sulfate and con- 
centrated to dryness in vacuo. The solid residue was recrystallized from methanol/ethanol to give the title com- 
pound (0.47 g, 61% yield) mp 202-203°C. 
Anal. CalCd for CaoH^Og : 

45 C, 62.33 ; H. 6.02 ; N, 1 0.90. 

Found : C. 62.46 ; H, 6.08 ; N, 10.87. 

EXAMPLE 294 

50 3.4-Dihydro^-methanesurfonamide-1'-[1 ^dimethyipyrimidine-2,4(1 H, 3H)^k)ne-eM1spiro[(2HH-ben- 

zopyran-2 t 4 , -piperidtneHK)ne 

Utilizing the methodoigy of Example 293, the tifle compound was prepared, mp 259^-262°C. 

Anal. CalCd for CWW^OeS : 

C, 53.56 ; H, 5.39 ; N, 12.49. 
55 F und : C, 53.16 ; H, 5.47 ; N, 12.24. 

EXAMPLE 295 
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3 t 4-Prhydro-6-methoxy-1 ^imethylpyrimidln-^l H, 3H)dion9-6-yOethylmercaptolsplro[(2H)-1- 

benzopyrarv2 t 4 f -piperidine]-4-one 

A solution of 6<hloro-1 ,3-dimethyfuracfl (0.87 g, 5 mmol), 2-mercaptoethanol (0.39 g, 5 mmol) and sodium 

bicarbonate (0.63 g, 7.5 mmol) In acetonitrfle (1 5 ml) was heated at reflux for 24 hours. After coding, the reaction 
5 mixture was concentrated In vacuo to dryness. The residue was partitioned between chloroform and water. The 

combined chloroform solution was dried over magnesium sulfate, filtered and concentrated to dryness. The resi- 
due was triturated with ether and filtered off. 

A solution of the residue (0.83 g, 3.8 mmol), triethyiarntne (0.58 g, 5.7 mmol) and methanesulfonyl chloride 

(0.48 g, 42 mmol) in methylene chloride (30 ml) was stirred in an ice bath for 3 hours. The resulting reaction 
10 was washed with water and brine, dried over sodium sulfate and concentrated in vacuo to dryness. The residue 

was triturated with ether, and the solid mesylate was filtered off. 

A solution of the mesylate (0.44 g, 1.5 mmol), 3 t 4^hydro-6^ethoxyspiro[(2H)-1^ 

din]-4~one (0.425 g, 1.5 mmol) and sodium bicarbonate (0.315 g, 3.75 mmol) in acetonitrile (15 ml) was heated 

at reflux for 23 hours. After coding, the reaction mixture was concentrated in vacuo, to dryness. The residue 
15 was partitioned between chloroform and water. The chloroform solution was washed with water, brine and dried 

over sodium sulfate and concentrated in vacuo to dryness. The residue was triturated with hot ethand/methand 

and filtered off to give the title compound, mp 191-193.5°C (0.31 g, 46.4%). 

Anal. CalCd for C&HztNsOsS : 

C, 59.31 ;K 6.11 ; N, 943. 
2D Found : C, 59.07 ; H, 6.08 ; N, 9.38. 

EXAMPLE 296 

3 t 44)ihydrc-6-methanesulfonamido-1 f -g-(1 ,3-dimethylpyrimidin-2,4(1 H,3H)dione^yl)ethylmercapto]spi- 
25 ro[(2H)-1-benzopyran-2 t 4 f -pipertdine}-4-one 

Utilizing the methodology of Example 295, the title compound was prepared, mp 198-201°C. 
Anal. Gated for C^^O^ : 
C f 51.95 ;H, 5.55; N, 11.02. 
Found : C, 51.62 ; H, 5.42 ; N, 10.99. 

30 

EXAMPLE 297 

3,4-Pihydro-6^eftanesulfona^ 3H)-dtone^-yl)ethytemlno1spi- 
ro[(2H)-1 4)enzopyran-2,4'«piperidineH'One 

35 1 3^imetrryl-6^^methylsulfon^ H, 3H>-pyrimidinedione (prepared as described in 

EPO Publication 0,369,627) (0.4 g, 2 mmol) was suspended in pyridine (2 ml) and cooled to 0°C, methanesul- 
fonyl chloride (0.286 g, 2.5 mmd) was added at < 5°C. the reaction mixture was stirred b an ice bath for 3 
hours and was concentrated in vacuo to dryness. The residue was partitioned between chloroform and satu- 
rated sodium bicarbonate. The chloroform layer was dried over sodium sulfate, filtered, and concentrated to 

40 give the mesylate. 

A solution of the mesylate (0.26 g, 0.94 mmd), 3,4^ihydro^ulfamidospirop[(2H 
piperidinM-one (0.347 g, 1 mmol) and sodium bicarbonate (0.25 g, 2J5 mmol) in aceton'rtrile (30 ml) was heated 
at reflux for 2 hours. After coding, the reaction mixture was concentrated in vacuo to dryness. The residue was 
stirred in chloroform and methand and filtered off solid. This sdid was heated with hot ethand. After cooling, 

45 the title compound was filtered off. 
Anal. CalCd for C^rW^sOgS : 
C, 53.76 ; H, 5.95 ; N, 14.25. 
Found : C, 53.50 ; H, 5.94 ; N, 14.13. 

50 EXAMPLE 298 

3,44)iTiydro-6-metrmxy^ '-[2-(1 ,34imethylpyrimidine-2,4(1 H, 3H>dlone-6-yr)ethyiaminolspiroI(2HH" 
benzopyran-2 t 4'-plperidineH-one 

A suspension of 3,4^ihydro-6Hnethoxyspiro^(^ (0.284 g, 1 mmd) 

55 and sodium bicarbonate (0.42 g, 5 mmol) in acetonitrile was heated at reflux for 1 hour, 2-chloro ethylamine 
hydrochloride (0.116 g, 1 mmd) was added the solution was heated at reflux for 17 hours, 6-chloro-1 v 3-dime- 
thyiuracfl (0.175 g, 1 mmol) and sodium bicarbonate (0.16 g, 2 mmd) were added. Refluxing was continued 
for 28 hours. After coding, the reaction mixture was concentrated In vacuo to dryness. The residu was par- 
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fitioned between chloroform and water. The chloroform solution was washed wfth water and dried over sodium 
sulfate. The resulting residue was chromatographed through a pressure column (silica geQ eluting with 5% 
methanol/ chloroform to give the tffle compound (45 mg, 105% yield), mp 235-238°C dec. 

AnaL Calc'd for C22H27N4Q5 : 
5 C, 61.67 ;H, 6.59 ;N, 13.08. 

Found : C, 61 .40 ; H. 6.69 ; N, 12.68. 

EXAMPLE 299 

to 1'42^3 > 4^iaminophenyl)ethyll^ l ^ 
dine>4-one and dihydrochloride 

Stepl : A suspension of 5.24 g (1 5.0 mmd) of 1-(8-[2-(4-acetamldo-3-nitropheny0ethyf]-1 ,4-dioxa-&-azas- 
piro[4.5]decane in 30 mL 2N hydrochloric acid was heated at reflux for 1 £ hours. The cooled mixture was basi- 
fied (pH 9-10) with saturated sodium carbonate solution and 10 N sodium hydroxide, diluted with 1 00 ml water, 

15 and extracted with methylene chloride (3 x 50 ml). The extract was washed wfth 50 ml water and brine, dried 
over sodium sulfate and filtered The Abate was concentrated in vacuo to give 3.95 g (100%) of 1-[2-(4-amK 
no-3-nitropheny1)ethylH-piperidone as an oB. 

'H NMR CDCI3 : 8 7.98 (d, 1H), 7.25 (d of d ( 1H), 6.77 (d, 1H), 6.01 (broad s, 2H), 2.82 (t, 4H), 2.76 (m, 2H) f 
2.70 (m,2H), 2.48 (t, 4H). 

20 Step 2 : A solution of 3.44 g (15.0 mmd) 5-methanesuHbnamldo-2-hy*axy-acetophenone 033 g (73 
mmol) pyrrolidine, and 3.95 g (15.0 mmol) 1^4^no*nitrophenyl)ethyl])piperWin-^ne in 30 mL methanol 
was heated at reflux for 30 hours. The solvent was removed in vacuo and the residue was partitioned between 
50 mL ethyl acetate and 25 mL 1 N hydrochloric acid. The layers were separated and the ethyl acetate layer 
was extracted with 1 N hydrochloric add (2 x 25 mL). The combined aqueous extract was basified with 10N 

25 sodium hydroxide to pH 10, then extracted with methylene chloride (3 x 175 mL). The extract was washed with 
50 mL water and brine, dried over sodium sulfate and filtered. The filtrate was concentrated in vacuo to give a 
residue which was purified by flash chromatography on silica gel eluting with 2J5 : 97.5 methanol : chloroform 
saturated with ammonia to give 3.72 g (52%) of 1 , ^4^mino-3^itrophenyl)ethyf>3 t 4-dihydro-6-methanesul- 
tonamidospiro[(2H)-1^nzopyran-2,4'-piperidine]-4-one as an orange solid, m.p. 69-78°C. 

30 1H NMR (CDCW : 5 7.96 (d, 1H). 7.64 (d, 1H), 7.52 (d of d, 1H), 7.24 (d of d, 1H), 7.03 (d, 1H), 6.76 (d, 1H), 
5.99 (broad s, 2H), 3.01 (s, 1H). 2.73 (s, 2H), 2.72 (m, 4H). 2.62 (m, 2H), £50 (t, 2H), 2.08 (d. 2H). 1 .78 (m, 
2H). 

Step 3 : To a solution of 3.56 g (7.5 mmol) 1M2K4^ino^itrophenyl)ethy^ 
fonamidospiro[(2HH1-benzopyraiv-2^'s>lperidineH-one in 30 mL acetic acid was added dropwise over 50 

35 minutes a solution of 22.7 mL (26.3 mmol) titanium trichloride (1 5%) in 20-30% hydrochloric acid. The solution 
was stirred 20 minutes, basified (pH 9-10) wfth saturated sodium carbonate solution and 1 0 N sodium hydroxide, 
diluted with 200 mL water, and extracted with methylene chloride (3 x 300 mL). The combined extract was 
washed with 50 mL water and brine, dried over sodium sulfate and filtered. The filtrate was concentrated in 
vacuo to give the crude product which was re-crystallized from methylene chloride : ether (1 : 2) to give 2.16 

40 g (65%) 142^3,4-diaminophenyOethyip,^ 
piperidineH-one as a yellow solid mp. 109-112°C. 

Step 4 : To a solution of 0.222 g (0.50 mmol) I'^S^iamirwphenyiJethyl^^ihydro-e-methanesul- 
fonamidospiro[(2H)-1-benzopyrarh2 f 4'^iperklineH-one in 5 ml ethanol was added 0.27 ml (1.6 mmol) 5.9N 
hydrogen chloride in ethanol. A precipitate formed which was filtered off and dried In vacuo to yield 0.226 g 

45 (87%) dihydrochloride salt of 142(3,4Kiiaminophenyl)ethyQ^ 

benzopyran-2,4'-piperidine}4-one containing 0.65 water as a solvate, as a white solid, mp. 255-256°C. 
Anal Calcd for C aa H 28 N40vHCM).65 H*0 : 
C, 49.93 ;H, 5.96 ; N, 10.59. 
Found : C, 49.91 ; H, 5.86 ; N, 10.48. 

60 

EXAMPLE 300 

1'^3,4-Bte(mefranesufonamido)phen^ 
zopyran-2,4'-piperldine)H*one hydrochloride 
55 To a solution of 0.222 g (0.50 mmol) 1 '^3,4Hdiaminophenyi)ethyn<3,4-d^ 

piro[(2H)-1 -benzopyran-2,4'-piperidlneH-one and 0.1 6 g (2.0 mmol) pyrfdin In 8 mL methylene chloride was 
added 0.120 g (1 .05 mmol) methanesutfbnyi chloride. The resulting mixture was stirred one hour, then dfluted 
with 10 mL methylene chloride. The mixture was washed wfth 10 mL saturated sodium bicarbonate solution, 
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3 mL water, and brine, dried over sodium sulfate, ami filtered. The filtrate was concentrated in vacuo to give a 
gum which was purified by flash c hroma tography on sOica gel etuting with 5 : 95 methanol : chloroform saturated 
with ammonic to give 0.125 g of the free base. 

To a solution of 0.12 g (0.20 mmol) of the free base in 10 mL ethanoi was added 0.037 mL (0.22 mmol) 
5 5.9 N hydrogen chloride in ethanoi to give a white precipitate. The precipitate was filtered off and dried in vacuo 
to give 0.074 g (24%) hydrochloride as a 0.20 ethanoi and 0.75 water solvate as a off-white solid m.p. 178- 
181*C. 

Anal Calcd for C^H^OsSrHaO^O (y^OH-0 .75 H2Q : 
C, 44.41 ;H, 5.45 ;N, 8.49. 
10 Found : C, 44.41 ; H t 5.35 ; N, &49. 

EXAMPLE 301 

1 '-[2^1 H^enzimidazol^yl)ethyll-3^ 
15 piperidine)H-one dihydrochloride 

A solution of 0.36 g (0.80 mmol) 1'42^3/Wiaminophenyf)ethyf^ 
piro[(2H)-1-benzopyran-2 > 4'-piperidineH-one and 1 mL (6 mmol) triethyl orthoformate in 1 mL ethanoi was 
heated at reflux for 2 hours. The solvent was evaporated in vacuo to give a residue which was purified by flash 
chromatography on silica gel etuting with 5 : 95 methanol : chloroform saturated with ammonia to give 0.38 g 
20 of the free base as a foam. 

To a solution of the free base in 4 mL ethand was added 0.27 mL (1.6 mmol) 5.9 IS! hydrogen chloride in 
ethanoi to give a gummy precipitate. The mixture was diluted with 10 mL ether, stirred two hours, and the pre- 
cipitate filtered off and dried in vacuo to give 0.317 g (75%) of the title compound as a 0.35 ethanoi and 1.35 
water solvate, as a pale yellow solid m.p. 221-225°C. 
25 Anal Calcd. for C 23 H 2e N 4 04S.2Ha^.35 CsHgOHLSS H 2 0 : 
C, 50.12 ;H, 5.82 ; N, 9.87. 
Found : C, 50.08 ; H, 6.00 ; N, 9.96. 

EXAMPLE 302 

30 

142-{2^-Dioxo-1H t 3H-2,1,34)efro^ 
1-benzopyran-2,4'*piperidineH^onehydrochloride 

To 0.7 mL refiuxmg diglyme was added dropwise over 10 minutes a solution of 0.31 g (0.70 mmol) 142- 
(3,4-diaminophenyl)ethyl]-3,4^hydro-^ 
35 and 0.067 g (0.70 mmol) sulfamlde in 1 A mL diglyme. The mixture was heated at reflux for four hours and the 
diglyme was distilled off under reduced pressure leaving a solid residue. The residue was placed under 5 mL 
ethanoi, the mixture was heated at reflux for 10 minutes, cooled to 40°C, and the solid was filtered off. The 
solid was extracted with hot methanol (4 x 25 mL) and Altered. The filtrate was concentrated in vacuo to give 
0.042 g impure free base. 

40 To a suspension of the tee base in 5 mL ethanoi was added 0.015 ml (0.088 mmol) 5.9 N hydrogen chloride 
in ethanoi. The solid slowly dissolved. The solution was concentrated in vacuo to 1 ml and diluted with 2 ml 
ether to give a precipitate. The precipitate was ffitered off and recrystallized from ethanoi to give 0.012 g (3%) 
of the title compound as a 0.30 water solvate, as a tan solid, mp 270-275°C. 
Anal. Calcd. for C 22 H28^O 6 S r Ha.0.30 HjO : 

45 C, 48.17 ;H, 5.07 ;N, 10.20. 

Found : C. 48.14 ; H, 5.38 ; N, 10.02. 

EXAMPLE 303 

so 1'^-(2.1-3-Benzothiadlazol-5-y0ethy^ 
piperidlneH-onehydrochloride 

To a mixture of 0.267 g (0.60 mmol) l^d^laminophenyQethyf^^ihy^ 
piro[(2H)-1-benzopyran-2,4'-piperadEne}4-one and 0.30 g (3.0 mmol) triethylamine in 5 mL methylen chloride 
was added 0.083 g (0.70 mmol) thionyl chloride. The resulting solution was stirred 90 minutes, and 0.083 g 

55 (0.70 mmol) thionyl chloride was added. Th solution was stirred 90 minutes, dOuted with 50 mL methylene 
chloride, and washed with 15 mL saturated sodium bicarbonate. The aqueous layer was extracted with 25 mL 
methylen chloride. The combined organic layer was washed with 15 mL water and brine, dried over sodium 
sulfate, and filtered. The fOtrate was concentrated in vacuo to gtv a residue which was purified by flash 
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chromatography on silica gel eluting with 5 : 95 methanol : chloroform saturated wfth ammonia The solid 
obtained was recrystaEked from ethyl acetate to give 0.180 g free base. 

To a suspension of the free bas In 5 mL ethanol was added 0.064 mL (0.38 mmo!) 5.9N hydrogen chloride 
in ethanol to give a yellow precipitate. The precipitate was filtered off and dried in vacuo to give 0.171 g (56%) 
6 of the title compound as a yellow solid mp 259-260°C. 
Anal. Calcd. for C^rW^SrHCI : 
C. 51.91 ; H, 4.95 ; N, 11.01. 
Found : C. 51.61 ; H. 4.86 ; N, 10.95. 

10 EXAMPLE 304 

iq2^2,3-Dihydro-2^xo-1H-benzlm^ 
benzoyran-2 t 4'-piperidine>4-one hydrochloride 

To a mixture of 0.266 g (0.60 mmo!) 1^3,4-<flaminophenyl)ethy0^ t 4^ 
15 piro[(2H)-1-benzopyran-2 f 4'-pIperidine}-4-one in 4.5 mL tetrahydroftiran was added a solution of 0.126 g (0.78 
mmo!) carbonyldiimidazole in 2.5 mL tetrahydroftiran. The resulting solution was stirred for two hours and a 
precipitate formed which was filtered off to give 0.181 g free base. 

To a suspension of 0.176 g (038 mmd) free base in 4 mL ethanol was added 0.046 mL (0.38 mmol) 5.9 
N hydrogen chloride in ethanol. The solid dissolved and a precipitate formed which was filtered off and dried 
20 in vacuo to give 0.173 g (58%) of the title compound as a 0.1 0 ethanol and 035 water solvate, as a white solid 
mp 270-272°C. 

Anal. Calcd. for C^rW^OsSHCI-aiO C2H5OHO.35 HaO : 
C, 53.80 ; H, 5.51 ; N, 10.82 ; 
Found : C ( 53.75 ; H, 5.64 ; N f 10.84. 

25 

EXAMPLE 305 

1 '-C-O-MethyM H-benzimldazolS-yQeth^ 
zopyreiv2,4'-pipertdineH^ne dlhydrochloride and l^j^ethyMH-benzami^^ 

30 6-methanesutfonamidospiro4(2HV1-ber^ 

To a mixture of 0.204 g (0.45 mmd) 1433,4-diamlnophenyOethylJ^ 
piro[(2H)-1 -benzopyran-2 t 4'-piperidineH-one free base and 0.093 g (0.80 mmd) dQsopropylethyiamine in 1 3 
mL methand was added 0.069 g (0.52 mmo!) dhnethylsulfate. The mixture was heated at reflux for 2 hours, 
0.078 g (0.60 mmd) dimethyl sulfate was added, and the sdutfon was heated at reflux overnight The solution 

35 was concentrated In vacuo and the residue was partitioned between 5 mL saturated sodium bicarbonate sol- 
ution and 20 mL chloroform. The layers were separated and the aqueous layer was extracted with chloroform 
(2x10 mL). The combined extract was washed with 5 mL water and brine, dried over sodium sulfate, and fil- 
tered. The filtrate was concentrated in vacuo to give a residue which was purified by flash chromatography on 
silica gel eluted with 5 : 95 methand : chloroform saturated with ammonia to give a gum. This was further puri- 

40 fled by preparative thin layer chromatography using the above eluent to give 0.01 8 g free base. 

To a solution of the free base in 0.2 mi ethanol was added 0.0136 ml (0.080 mmd) 5.9 N hydrogen chloride 
in ethanol to give a gummy precipitate. The mixture was diluted with 2 ml ether and stirred 2 hours to give a 
fine yellow sdid. The solid was filtered off and dried In vacuo to give 0.014 g (6%) of the title compound as a 
0.20 ethanol and 1.00 water solvate as a pale orange solid 220-232°C. 

45 Anal. Calcd. for C^rW^S^HCW^O .00 H 2 0 : 

C, 51.53 ;H, 5.88 ; N, 9.85. 
Found : C, 51.61 ; H. 5.86 ; N, 9.84. 

EXAMPLE 306 

50 

1 T2-{2-methyl-1 H-benzimidazol-5^ethyf^ 
Z4'-piperidlneH-one dlhydrochloride 

A solution of 0.355 g (0.80 trend) 1'42(3,4^iaminopheny1)ethyl^ 
piro[(2H)-1-benzopyran-2 f 4'-piperidine> 4-one and 1 mL (6 mmol) triethyl orthoacetate in 1 mL ethand was 
55 heated at reflux for two hours. The solution was concentrated In vacuo to give a residue. The residue was dis- 
solved in 5 mL chloroform, there was added 0.334 g (1 .76 mmd) [Mduenesutfonic add hydrate, and the result- 
ing solution was stirred two hours. Th solution was concentrated in vacuo to give a residue which was purified 
by flash chromatography on silica gel eluting with 5 : 95 methand : chloroform saturated with ammonia to give 
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0.226 g of the free base as a foam. 

To a solution of 0.202 g (0.43 mmol) free base In 2 ml ethanol was added 0.152 ml (0.90 mmol) 5.9 N hyd- 
rogen chloride In ethanol. Th resulting solution was stirred 30 minutes, diluted with 5 mL ether, and stirred 3 
hours to give a white precipitate. The precipitate was filtered off and dried in vacuo to give 0.181 g (47%) of 
5 the title compound as a 0.20 ethanol solvate as a white solid mp 224-227°C. 
AnaL Calc for C^rW^S ^HCt-O^O C2H5OH : 
C, 53.21 ;H, 5.71 ;N,10.1Z 
Found : C, 52.85 ; H, 5.64 ; N, 10.16. 

to EXAMPLE 307 

3,4-PIhydrO'6Hrnethanesuifonoma^ 
one hydrochloride 

To a mixture of 0.356 g (0.80 mmol) 1'^3,4^iamlnophenyI)ethyl^ 

15 piro[(2H)-1-berTzopyran-Z4'-piperidlne]-4-one in 1.3 ml v/ater heated to 70°C was added a hot solution of 0.250 
g (0.88 mmol) ofglyoxal sodium bisulfite addition compound monohydrate (AW rich Chemical Co.) in 1 mL water 
and 0.083 g (0.80 mmol) sodium bisutfita. The mixture was stirred at 70°C for two hours, cooled to room tem- 
perature diluted with 5 mL water, and extracted with chloroform (3 x 25 ml). The extract wa8 washed with 5 
mL, water and brine, dried over sodium sulfate, and filtered. The filtrate was concentrated in vacuo to give a 

20 residue which was purified by fiash chromatography eluting with 5 : 95 methanol : chloroform saturated with 
ammonia to give 0.174 g of the free base. 

To a solution of the free base in 2 ml ethanol was added 0.127 rrd (0.75 mmol) 5.9 N hydrogen chloride in 
ethanol to give a precipftate. The precipitate was filtered off and dried in vacuo to give 0.1 33 g (33%) of the 
title compound as a 0.40 water solvate as a white solid, mp 262-264°C. 

25 AnaL Calcd. for C24H26N4O4S-HCI-O.4O H*0 : 
C, 56.49 ;H, 5.49 ; N, 10.98. 
Found : C, 56.51 ; H, 5.53 ; N, 11.19. 

EXAMPLE 308 

30 

3,4-D?hydrp-1 '-[2-(2^-d (hydroxy-6-qulnoxonnyf) ethyI>£-roethanesulfancnTiidosp^ 
2,4'-piperidineH-one hydrochloride 

A solution of 0.31 g (0.70 mmol) 1'42^,4^iaminophenyl)ethyt^ 
piro[(2H)-1-beraopyrarH2,4 f -piperidine>4-one and 0.083 g (0.74 mmol) oxalic acid dihydrate In 1.5 ml of 4N 
35 hydrochloric acid was heated at reflux for one hour to give a precipitate. The mixture was diluted with 1 mL 
water, heated at reflux for 30 minutes, and cooled to room temperature. The precipitate was filtered off, washed 
with water, and dried in vacuo to give 0.308 g (82%) of the title compound as a 0.75 water solvate as a white 
solid mp, 283-285°C. 

AnaL Calcd. for C^H^OeSHCIO^S H^O : 
40 C, 52.55 ; H. 5.24 ; N, 10.21. 

Found : C, 52.60 ; H, 5w28 ; N, 10.39. 

EXAMPLE 309 

45 1'^K2K5«cyanopyridyQ)etr^^ 
dineH-one monohydrochloride 

Stepl : A solution of 4.13 g (35.0 mmol) 5-cyano-2-picoline (Fairfield Chemicals) and 0J28 g (7.0 mmol) 
sodium hydroxide in 13.2 mL (135 mmol) of 37% aqueous formaldehyde solution was heated at 160°C in a 
sealed pressure tube overnight The cooled mixture was basified with 6 mL saturated sodium carbonate solution 

50 and extracted with methylene chloride (3x60 mL). The extract was washed with 1 0 mL bine, dried over NsfeSO* 
and filtered. The fOtrate was concentrated in vacuo to give a residue which was partially purified by fiash 
chromatography eluting with 2 : 98 methanol : chloroform to give 0.21 g of a solid The solid was recrystallized 
from ether : hexane (1 : 2) to give 0.1 50 g (3%) 5^ano-2^24rydroxyethyl)-pyridine, mp 92«93°C. 
1HNMR CDCI3 : 8 8.81 (d, 1H), 7.89 (d of d, 1H), 7.33 (d, 1H), 4.08 (t, 2H), 3.22 (broad s, 1H), 3.12 (t, 2H). 

55 Step 2 : A mixture of 0.163 g (1.1 mmol) 5-cyano-2(2-hydroxyethyl)pyridlne and 0.029 g (0.15 mmol) p- 
toluenesulfbnicacid hydrate in 10 mL toluene was heated to reflux for five hours in a flask equipped with a Dean- 
Stark trap. The cooled mixture was neutralized with 5 mL saturated sodium bicarbonate solution and extracted 
with ether (3x15 mL). The extract was washed with 3 mL brine, dried over sodium sulfate, and filtered. Th 
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filtrate was concentrated to give an 0 which was purified by flash chromatography on silica gel elating with 1 : 

3 ethyl acetate : hexane to give 0.052 g (36%) 5-cyano-2-viny1 pyridine mp 29-30°C. 

iHNMR CDCI3 : 8 8.83 (d. 1H), 7.92 (d of d f 1H). 7.42 (d of d, 1H), 6.84 (d of d, 1H), 6-40 (d of d, 1H), 5.70 (d 

ofd,1H). 

5 Step 3 : In a manner simflar to that described in Example 70, Method 2, Step E, a solution of 3,4-dihydro- 
6HTtemanesuifonamidc^spiro[(2H)-1 -benzopyran-2,4'-piperidineH-one hydrochloride (0.121 g, 0.35 mmol) 5- 
cyano-2-vinylpyridine (0.046 g, 0.35 mmol), sodium acetate trihydrate (0.095 g, 0.70 mmol) in 1 : 1 methanol: 
water was heated at reflux for 13 hours. Purification and crystallization as the hydrochloride salt from ethanol 
gave 0.067 g (40%) of the tiBe compound as a white solid, mp 2Q3-204°C. 

10 Analy. Calcd. for C^N^SHO-O.OS CzHsOH-O^O H2O : 
C, 54.76 ;H, 5.39 ; N, 11.56. 
Found : C, 54.72 ; H, 5.10 ; N. 11.51. 

EXAMPLE 310 

15 

iq2^6-benzothiazdyt)ethyn^ 
dineH-one hydrochloride 

Stepl : To a solution of t-butyi nitrite (6.60 g, 64.0 mmol) in 60 mL dimethylformamide heated to 65°C was 
added a solution of 2-amino-6-benzothiazoleacetic acid (Indian J.Chem., 16B, 605 (1978)) (8.95 g, 43.0 mmol) 

20 in 140 mL dimethylformamide. The mixture was stirred at 65°C for 15 minutes, cooled to room temperature, 
diluted with 600 mL 6N hydrochloric acid, and extracted with 1 : 99 methanol : chloroform (3 x 600 mL). The 
extract was washed wBh 30 mL water and brine, dried over sodium sulfate and filtered. The filtrate was con- 
centrated to give crude product which was purified by flash chromatography eluting with 1 : 2 : 97 acetic add: 
methanol : chloroform to give 1 .1 g material. This was stirred under 20 mL etherto give a solid which was filtered 

25 off to give 0.42 g (5%) 6-benzothiazoIeacetic acid, mp 147-149°C. 

1 HNMR DMSO-ds : 5 9.35 (s, 1H), &04 (m, 2H), 7.44 (d, 1H), 3.75 (s, 2H). 

Step 2 : To a solution of 6-benzothiazdeacetic add (0.39 g, 2.0 mmol) in 10 mL dry tetrahydroturan coded 
in an ice-bath was added 4.0 ml (4.0 mmol) 1 .0M borane/tetrahydrofuran was added and the sdution was stirred 
two hours with cooling. The reaction was quenched with 4 mL of 1 : 1 tetrahydroturan : water, 2 mL water, and 

30 5 mL saturated sodium potassium tartrate. The mixture was partially concentrated in vacuo and the aqueous 
residue was extracted with methylene chloride (3x15 mL). The extract was washed with 3 mL saturated sodium 
bicarbonate solution and brine, dried over sodium sulfate and filtered. The ffltrate was concentrated to give a 
residue which was partially purified by flash chromatography eluting with 1 : 99 methanol : chloroform to give 
0.18 g of a gum. A sdution of the gum in 5 mL tetrahydrofuran and 3 mL 6N hydrochloric add was stirred at 

35 60°C for two hours, cooled to room temperature, neutralized with saturated sodium bicarbonate sdution, and 
extracted with methylene chloride (3 x 20 mL). The extract was concentrated in vacuo to give a residue which 
was re-chromatographed to give 0.100 g (28%) 6-benzothiazdylethand as an oil. 

1HNMR COCI3 : S 8.85 (s, 1H), 7.96 (d, 1H), 7.74 (s, 1H), 7.30 (dd, 1H), 3.85 (t, 2H), 2.94 (t, 2H), 2.1 (broad s, 
1H). 

40 Step 3 : To a solution of 6-benzothiazdylethanol (0.099 g, 0.55 mmol) and triethylamine (0.121 g, 1.20 
mmol) in 2 mL methylene chloride cooled in an ice bath was added dropwise a sdution of methanesurfonyl 
chloride (0.086 g, 0.75 mmol) in 0.5 mL methylene chloride. The mixture was stirred one hour, diluted with 10 
ml methylene chloride and washed with 3 mL saturated sodium bicarbonate sdution. The aqueous layer was 
extracted with 5 mL methylene chloride and the combined extract was washed with 2 mL water and brine, dried 

45 over sodium sulfate and filtered. The filtrate was concentrated In vacuo to give crude product which was purified 
by flash chromatography on silica gel eluting with 1 : 1 ethyl acetate : hexane to give 0.1 18 g (83%) 6-benzo- 
thiazdylethyl methanesuftbnate as an ofl. 

1HNMR CDCU : 5 8.99 (s, 1H), 8.10 (d, 1H), 7.85 (d, 1H) ( 740 (dd, 1H), 4.49 (t, 2H), 3.22 (t, 2H), 2.89 (s, 3H). 
Step 4 : In a manner similar to that described in Example 92, Step B a mixture of 3,4^imydro-6-methanesul- 

50 fortami^pbT>[(2H>1-^ hydrochloride (0.146 g, 0.42 mmol) sodium bicarbo- 

nate (0.143 g, 1.70 mmd), 6-benzothiazdylethyl methanesulfonate (0.108 g, 0.42 mmd), potassium iodide 
(0.070 g, QA2 mmol) and acetonltrfle (5 mL) was heated at reflux for 6^ hours. Purification and crystallization 
as the hydrochloride salt from eth and gav 0.1 02 g (48%) of the title compound as a whftesdid.mp 214-21 5°C. 
Analy. Calcd. for C^Hasl^SrHCI-O^ fyO : 

55 C, 53.89 ; H, 5^1 ; N, 8.20. 

Found : C, 53.94 ; H, 5.06 ; N, 8.21. 
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Preparation of SMsubstrtuted methyO-^-hydroxyacetophenones : 
5H(Dimethylamlno)methyfr2^iyaroxyare^ 
Ref : A. Warshawsky, R. Kalir, A. Patchomflc, 
Ger. Offen. 2,733,251 (1978). 
5 2-4<ydtoxy^Kmethylthiomethy0acetophenone 

To a sdution of S^chtororne^^^Tydroxyac^tophenone (prepared by method of Acta Pharm. Suea, 15, 
13 (1978)X5.54 g, 30.0 mmd) in 90 mL din ret hylf brmam ide was added sodium thiomethaxide (2.31 g, 33.0 
mmo!). The mixture was stirred one hour and solid iodine was added in portions unti a purple color was main- 
tained to oxidize residual methylmercaptan. The mixture was dQuted with 1 00 mL saturated ammonium chloride 
10 solution and 2 mL 3N hydrochloric acid and extracted with ether (3 x 300 mL). The extract was washed with 
water (2x60 mL) and brine, dried over Na^SO^ and filtered. The filtrate was concentrated in vacuo to give after 
drying 5.89 (100%) product as an oQ. 

1 HNMR CDCIs : 8 1Z20 (s, 1H), 7.66 (d, 1H), 743 (dd, 1H). 6.95 (d, 1H), 3.65 (s, 2H), 2.65 (s, 3H), 2.02 (s, 
3H). 

is 2'44ydroxy-5 f -(methytsulfinylmethyi)acetophenon9 

To a solution of 2'-hydroxy-54methylthiomethyl)acetophenone (2^0 g, 1 1.0 mmo!) In 70 mL MeOH cooled 
in an ice bath was added a solution of sodium metaperiodate (2.49 g, 12.1 mmo!) in 1 15 mL water. The resulting 
cloudy mixture was stirred two hours with cooling then partially concentrated in vacuo to remove methanol. The 
remaining aqueous mixture was extracted with chloroform (3 x 125 mL). The extract was washed with 50 mL 

20 water and brine, dried over sodium sulfate, and fttered. The filtrate was concentrated in vacuo to give crude 
product which was recrystallized from n-butylchloride to give 1.39 g (60%) product, as a pale yeOow solid, mp 
95-97°C. 

1 HNMR CDCI3 : 6 12.30 (s, 1H), 7.70 (d, 1H), 7.40 (dd, 1H), 7.02 (d, 1H), 3.92 (dd, 2H), 2.66 (s, 3H), 2.50 
25 (s f 3H). 

2-Hydroxy^4methylsutfonylmethyf)acetDphenone 

To a solution of 2Miydroxy^4ntethy1thiomsmyi)acetophenone (2.20 g, 11.0 mmol) in 88 mL methanol 
cooled in an ice bath was added a solution of OXONE (commercial potassium peroxymonosulfate mixture, 
Aldrich Chemical Ca)(20.28 g, 33.0 mmol) in 88 mL water. The mixture was stirred two hours with coding then 
so partially concentrated in vacua The product was isolated in the same manner employed in the previous 
example to give after recrystallizatkui from n-butylchloride 1.70 g (68%) product, as a white solid, mp 142- 
144°C: 

'HNMR CDCI3 : 8 1Z35 (s, 1H). 7.82 (d, 1H), 7.49 (dd, 1H), 7.04 (d, 1H), 4.22 (s, 2H), 2.82 (s, 3H), 2.67 (s t 
3H). 

35 2 f -Hydroxy-5 / -(methanesulfbnamidomethyl)acetophenone 

To a mixture of sodium hydride (60% dispersion in mineral oil, 1.60 g, 40.0 mmol) in 25 mL DMSO under 
Argon was added dropwise a solution of methanesulfbnamide (3.80 g, 40.0 mmol) in 10 mL DMSO. The result- 
ing mixture was stirred 30 minutes and a solution of 5'-(chloromethyl)-2'-hydroxyacetophenone (3.69 g, 20.0 
mmol) in 10 mL DMSO was added. The resulting mixture was stirred three hours, poured into 150 mL ice water, 

40 acidified with 14 mL 3N hydrochloric add, and the mixture extracted with methylene chloride (3 x 200 mL). The 
extract was washed with water (50 mL) and brine, dried over sodium sulfate, and fate red. The filtrate was con- 
centrated in vacuo to give an ofl which was partially purified by flash chromatography eluting with 3 ; 97 
methanol : chloroform to give a gum. The gum was stirred under 25 mL water to remove residual DMSO, the 
aqueous supernatant was decanted, and the residue was dried in vacuo. The resulting material was crystallized 

45 from ethylacetate to remove 0.67 g of a by-product Identified as N,N-bis[(3^cetyU-hydroxyphenyl)me- 
thytjmethanesulfbnamida The mother liquor was concentrated in vacuo to give a residue which was re-chro- 
matography to give a sdid. The sdid was recrystallized from n-butylchloride to give 0.60 g (12%) product, as 
a white sdid, mp 85-86.5°C. 

1 HNMR CDCfe : 5 12.38 (a, 1H), 7.73 (d, 1H), 7.47 (dd, 1H), 7.00 (d, 1H), 4.60 (broad t, 1H, NH), 4.29 (d, 2H), 
50 2.92 (s, 3H), 2.66 (s, 3H). 

2'-Hydroxy-5H(^nrethyl-N-acetyO 

To a mixture of sodium hydride (60% dispersion in mineral oil, 1.60 g, 40.0 mmol) in 25 mL DMSO under 
Argon was added dropwise a sdution of N-methylacetamide (232 g, 40.0 mmol) in 1 0 mL DMSO. The resulting 
mixture was stirred 30 minutes and a sdution of 5Mchloromethyl>-2'^ydroxyacetDphenone (3.69, 20.0 mmd) 
55 in 1 0 mL DMSO was added, The resulting mixture was stirred three hours, poured into 1 50 ml ice water, acidified 
with 14 mL 3N hydrochloric add, and the mixture extracted with methHene chloride (3 x 200 mL). The extract 
was washed with water (50 mL) and brine, dried over sodium sulfate, and filtered. The filtrate was concentrated 
in vacuo to give an oO which was partially purified by flash chromatography duting with 3 : 97 methand : 
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dilonrfbmi to give an ol. The on was sfirred under 25 mL water to remove residual DMSO, the aqueous super* 
natant was decanted and the resulting gum was dried in vacua The gum was stirred under 50 mL ether and 
filtered. The filtrate was concentrated in vacuo togiv a residue which was re-chromatographed eluting with 
3 : 97 ethyl acetate : hexane to give 0.93 g (21 %) product as an ofl which crystallized n standing, mp 6M5°C. 
5 1 HNMR CDd 3 : major rotamer : 8 12^2 (s, 1H), 7.66 (d ( 1H) f 7.38 (dd, 1H) f 6.95 (d, 1H), 4.52 (s, 2H) t 2.95 (s, 
3H), 2,64 (s, 3H), 2.16 (s, 3H) ; miner rotamer : 8 1235 (s, 1H), 7.50 (d, 1H), 7.31 (dd ( 1H), 7.02 (d. 1H), 4.49 
(s, 2H), 2.94 (s, 3H), 2.64 (s, 3H), 2.19 (s, 3H). 
1 4(3-AcetyM^ydraxypheny0methyQimidazole 

To a mixture of 54chlorometriyl>2'4iydroxyacetophenone (1.85 g, 10.0 mmoJ), sodium bicarbonate (1.68 
10 g, 20.0 mmol) , and 20 mL dimethytformamide was added imidazole (0.75 g, 1 1 .0 mmol). The mixture was stirred 
four hours and concentrated in vacua The residue was stirred under 50 mL ethanoJ, filtered, and the filtrate 
concentrated in vacuo to give a residue. The residue was sftrred under 30 mL chloroform, filtered, and the filtrate 
concentrated in vacuo to give crude product The crude product was purged by flash chromatography eluting 
with 5 : 95 methanol : chloroform to give a solid. The solid was recrystailized from n-butiychloride to give 0.71 
is g (33%) product as a yellow crystalline solid, mp 106-107°C. 

1 HNMR CDCls : 8 12.3 (broad s, 1H), 8.03 (s, 1H), 7.62 (d, 1H), 7.34 (dd, 1H) t 7.15 (d, 1H), 7.00 (d f 1H), 6.94 
(d, 1H), 5.17 (s, 2H), Z62 (s, 3H). 

2'-Hydroxy-5Mmethoxymethyl)acetophenone 
Ref : P. Briet, J.J. Berthelon, J.C. Depln, 
20 E. Boschetti, 

Ger. Often. 2,549,745 (1976). 

2MHydrcxy-5Mhydroxymethyl)acetophenone 
Ref : S J. Buckman, J.D. Pera, G.D. Mercer, 
Ger. Often. 2,051.921 (1971). 
25 (Obtained as a by-product In following reaction.) 

2 , -Hydroxy-5 / -(I2^methoxy)ethoxy]methvOacetophenone 

A mixture of SHchloromethyl^-hydroxyacetophenone (1.85 g, 10.0 mmol), potassium carbonate (1.38, 
10.0 mmol), 2-methoxyethanol (0.91 g, 1Z0 mmol) and 10 mL chloroform was stirred 24 hours, filtered and the 
filtrate concentrated in vacuo to give a residue. The residue was purified by flash chromatography eluting with 

30 30 : 70 ethyl acetate : hexane to give 0.40g (18%) product as an on. 

1 HNMR CDd 3 : 8 12^3 (s, 1H), 7,74 (d, 1H), 7.46 (dd, 1H), 6.96 (d. 1H), 4.52 (8, 2H), 3.63 (m. 2H), 3.58 (m, 
2^,3.40(8,3^,2.64(8,3^. 

Further elution with 50 : 50 ethyl acetate : hexanes gave 0.41 g (25%) 2'4iydroxy^ / Khydroxymethyl)ace- 
tophenone as an oil. 

35 1 4(3^etyt^ydroxyphenyl)methyfh2-^^ 

To a suspension of sodium hydride (60% dispersion in mineral oil. 0.80 g, 20.0 mmol) In 15 mL dry dimethyl- 
fbrmamlde under argon, cooled in an Ice-bath was added dropwise a solution of 2-pyrrolidinone (1.70 g, 20.0 
mmol) in 5 mL dimethylformamide. The ice-bath was removed, the mixture was stirred 30 minutes, and a sol- 
ution of SMc^lorometh^^-hydroxyacetophenone (1 .85 g, 1 0.0 mmol) in 5 mL dimethylformamide was added 

40 dropwise. The mixture was stirred four hours, poured into 75 mL ice water, acidified with 7 mL 3N hydrochloric 
acid, and extracted with methylene chloride (3 x 75 mL). The extract was washed with water (25 mL) and brine, 
dried over Na^O,, and filtered. The ffltrate was concentrated in vacuo to give crude product which was purified 
by flash chromatography on sDica gel eluting with 2 ^8 methanol : chloroform to give 1 .92 g (82%) product as 
a viscous oil. 

45 1 HNMR CDCls : 8 12.22 (s, 1H), 7.64 (d, 1H), 7.37 (dd. 1H), 6.95 (d. 1H), 4.40 (s, 2H), 3.28 (t, 2H), 2.64 (s, 
3H), 2.45 (t, 2H). Z01 (m, 2H). 

1 ^(3-Acetyl^ydroxyph^y0methy0-24mldazofidone 

To a suspension of sodium hydride (60% dispersion in mineral oil, 0.80 g, 20.0 mmol) in 15 mL dry dimethyl- 
formamide under argon, cooled In an ice-bath was added dropwise a solution of 2-imidazoIidone (1.72 g, 20.0 

so mmol) in 5 mL dimethylformamide. The ice bath was removed, the mixture was stirred 30 minutes and a solution 
of 5'-^loromethyl-2'-hydroxyacetophenone (1.85 g, 10.0 mmol) in 5 mL dimethytformamide was added drop- 
wise. The mixture was stirred four hours and the product was isolated in the same manner as in the previous 
example to give a solid. The solid was stirred under 20 mL rvbutylchloride. filtered off, and dried in vacuo to 
give 1.01 g (43%) product as a white solid, mp 131-133°C. 

65 1 HNMR CDCIj : 8 12^2 (s, 1H), 7.66 (d, 1H), 7.41 (dd, 1H), 6.96 (d. 1H), 4.62 (broad S, 1H, NH), 4.32 (s f 2H), 
3.42 (m, 2H), 3.32 (m, 2H). Z64 (s, 3H). 

Employing the procedure substantially as described In Example 339, Step 8, infra, but substituting for the 
5-methanesutfonamido-24iydroxyacetophenon used therein, the appropriately substituted 2Mrydroxy-aceto- 
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phenone from Example 311 there were produced the spiropiperidines described In Table XXI. 

TABLE XXI 




EtOH 



25 
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Tft T jT.F. YTT CONT'D 



Exarrplo R 1 ' 



10 

323 



Salt MPC°C) YiGldC%> 



-H *2 HCl 180-195 61 
0.05 BtOH 
1.45 HaO 

- « 0 ~ :?.fkoH ,e5 -"' 75 

• as HjO 

C^O- -H • HCl 241-243 64 



325 

20 

326 CH 3°- 



-CN • tCl 234-235 68 

• O. 25 EC OH 

327 CHaOCBjC^O- -H • HCl 229-230 51 

25 

328 C^OCH^O- -CM -HCl 190-191 54 
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TABLE XXI GOHTD- 
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Exanplo R 1 * a" Sedt MSC°C) 21oldC%) 

10 

329 HD- -H « HO. 313-214 38 

° 0.03 EX OH 
» 0.2 3,0 

t5 330 HO- -CE? ° HC1 168-170 46 

° 0. 23 3aO 
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O 



o KU 236-237 39 



20 — ' oo,Oi^O 

332 -O? ° H21 242-244 52 

o a 13 EtOH 

25 ° 0. 25 3aO 

O 



HN JT _h *» HCl 236-237 45 

W • a 30 St OK 

«0.2 %0 



o 

334 »rSr" -OJ • KCl 162.174 

* a 35 EtOH 

• 0. 2 JfeO 



EXAMPLE 335 



3,4-Dihydro-6-(methyl aminomethyl)-1 '-(2-phenylethyi)-spiro[2H-(1 -bergopyran-2 t 4 l *piperidine)H-one 
40 dihydrochloride 

A solution of 3 t 4KJihydro-64h4^cetyl(methylaminomethy^ 

piperidineJ-4-one (0J22 g, 0.50 mmol), 6N hydrochloric acid (0.67 ml, 4.0 mmol) and 2.0 mL ethanol was heated 

at reflux for 18 hours. Additional 6N hydrochloric acid (0.20 ml, 1.2 mmol) was added, the solution was heated 

at reflux for4 hours, then concentrated in vacua The residue was placed under 5 mL ethanol and concentrated 
45 In vacuo to give a solid. The solid was stirred under 2 mL ethanol for one hour, filtered off, and dried In vacuo 

to give 0.143 g of the title compound product as a 0.50 water solvate as a white solid, mp 247-248°C. 

Anal. Caicd. for C 23 H 28 fskO r 2Ha0.50 HjO : 

C, 61.88 ; H, 7.00 ; N, 6.28. 

Found : C, 61.86 ; H, 6.84 ; N, 6.21. 

50 

EXAMPLE 336 



3,4-Dlrydn>^(N-methy0metrBn^^ 
piperidineH-one hydrochloride 
55 To a mixture of 3,4^irydro-6-(methylairtnomen^ 

piperidineJ-4-one hydrochloride (0.162 g, 0.37 mmol), triethyl amine (0.076 g, 0.75 mmol) and pyridine (2 mL) 
was added methanesutfonyl chloride (0.061 g, 0.53 mmol) and the resulting mixture was stirred for 18 hours. 
The mixture was concentrated in vacuo and the residue was partitioned between 5 mL dflute sodium blcarbo- 
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nate solution and 15 mL methylene chloride. The layers were separated and the aqueous layer was extracted 
with methylene chloride (2x15 mL). The combined extract was washed wfih brine, dried over sodium sulfate, 
and filtered. The filtrate was concentrated In vacuo to give erode product which was purified by flash 
chromatography on sOica gel eluting with 5 : 95 methanol : chloroform to give 0.100 g free-base as an ofl. 

5 To a solution of the free-base in 1 mL ethanol was added 0.042 mL (0.25 mmol) 5.9 N hydrogen chloride 
in ethanol to give a precipitate. The precipitate was filtered off and dried in vacuo to give 0.078 g (44%) of the 
tide compound as a 0.20 hydrate and 0.10 ethanol solvate as an off-white solid, mp 251-253°C. 
Anal. Calcd. for C^H^CUS-HCI-O^ H 2 OO.10 CJtifiH : 
C, 59.95 ; H, 6.62 ; N, 5.75. 

10 Found :C, 59.65 ; H, 6.45 ; N, 5.65. 



EXAMPLE 337 



N-Methyi K3.4^ihydro-1'^2^henyte 
15 yl]methanesutfonamide Hydrochloride 

Step 1 : Sodium (3-acetyt-4-hydroxy)phenylmethytsuffbnate 

A solution of SHchloromethyl^-hydroxyacetophenone (1.85 g ( 10.0 mmol) and sodium sulfite (1.32 g, 
10.5 mmol) in water (10 mL) was heated at reflux for three hours. The cooled solution was washed with ether 
(2 x 10 mL) and concentrated in vacuo to give a solid which was dried in vacuo to give 2.87 g crude product 
20 containing sodium chloride and water. 

1HNMR (DMSO-de) : 8 11.73 (s, 1H), 7.77 (d, 1H), 7.49 (dd, 1H), 6.87 (d, 1H), 3.68 (s, 2H). 2.61 (s, 3H). 
Step 2 : 1iAcetyt-3,4Kfihydro-spiroT(2HH^^ 

A mixture of sodium (3-acetyM-hydroxy) phenylmethanesuifonate (Z57 g, 9 mmol) and pyrrolidine (0.64 
g , g.o mmol) in methanol (18 mL) was heated at60°C for 15 minutes. A solution of N-acetyW-piperldone (1.27 

25 g, 9.0 mmol) in methanol (9 ml) was added and the mixture was stirred at 60°C for four hours. The mixture was 
concentrated in vacuo to give a residue which was dissolved in water (10 mL), acidified with 3 N hydrochloric 
acid, reconcentrated in vacuo and the resulting residue was extracted with methylene chloride (3 x 50 mL)-The 
extract was dried over NajSO* filtered and the ffitrate concentrated to give a foam. The foam was dissolved 
in water (25 mL). basified with 20% sodium hydroxide solution to pH 1 0, and the solution was washed with ether 

30 (2 x 20 ml) to remove residual pyroiidine. The aqueous solution was acidified with 3 N hydrochloric acid and 
concentrated in vacuo to give a solid. The solid was extracted with hot acetonitrile (4 x 50 mL) leaving the Insol- 
uble solid product (1.21 g, 38%), mp 233-235°C. 

1HNMR (DMSO-de) : 8 7.64 (d. 1H), 7.51 (dd, 1H), 6.98 (d, 1H), 4.21 (d, 1H), 3.67 (s 2H), 3.65 (d, 1H), 3.38 
(m, 1H), Z97 (m, 1H), 2.80 (s 2H), 2.00 (s, 3H), 1.92 (m, 2H), 1.72 (m t 1H). 1.56 (m, 1H). 
35 Step 3 : N-Methyl [(3,4^jhydrcM'^cetytspiroK2HV1^nzop^ 

fbnamide 

To~a mixture of (1^acetyW,4-dihydrospiro[(2HH^*ra methanesul- 
fonic acid (1.20 g, 2.9 mmol) and dimethylfonnamide (1 mL) in methylene chloride (20 mL) was added thionyl 
chloride (0.26 mL, 0.42 g, 3.5 mmol). The mixture was stirred three hours, then concentrated in vacuo to give 

40 the sulfonyl chloride. To a solution of the sulfonyl chloride in methylene chloride (20 mL) cooled in an ice bath 
was added a cold solution of methylamine (0.20 g, 6.4 mmol) in 5 mL methylene chloride. The resulting mixture 
was stirred three hours with cooling, diluted with methylene chloride (60 mL) washed with 1 N hydrochloric acid 
(1 0 mL), water (5 mL), and brine, dried over sodium sulfate, and filtered. The filtrate was concentrated jn vacuo 
to give a gum which was purified by flash chromatography on silica gel eluting with 3 : 97 methanol : chloroform 

45 to give 0.36 g (34%) product as a foam. 

1 HNMR (CDCU : 8 7.83 (d, 1H), 7.59 (dd, 1H), 7.04 (d, 1H), 4.42 (broad s, 1H, -NH), 439 (d, 1H), 4.20 (s, 2H), 
3.65 (d, 1H). 3.51 (m. 1H), 3.08 (m, 1H), 2.78 (d, 3H). 2.73 (s. 2H), 2.11 (s. 3H). Z09 (m. 2H). 1.64 (m. 2H). 
Step 4 : N^ethyff(3.4^ihydrospirorffi^ 
A solution of N^ethy1[(3,4^ihydro-1'^cetyls^ 

so yfjmethanesulfonamide (0.348 g, 0.95 mmol). 6N hydrochloric acid (1 25 mU 7.5 mmol), and 3.75 mL ethanol 
was heated at reflux for 1 8 hours. The solution was concentrated in vacuo, the residue was placed under ethanol 
(1 0 mU, reconcentrated in vacuo placed under 1 : 1 ethanol : toluene (10 mL), reconcentrated in vacuo, placed 
under carbon tetrachloride (1 0 mL), reconcentrated and dried in vacuo to give a hygroscopic foam. The foam 
wasstirredunderether(10mL)for neh ur, filtered off, and drfedin vacu to give the hydrochloride as a white 

55 solid mp 140-165°C. 

iHNMR (DMSCXie) : 5 9.1 (broad s, 1H). 8.9 (broad s, 1H), 7.77 (d, 1H) f 7.59 (dd, 1H) t 7.15 (d t 1H), 6.94 (q, 
1H, -NHSO2), 4.35 (s, 2H), 3.25-3.02 (m. 4H), 2.93 (s, 2H) f 2.58 (d, 3H), 2.11 (m, 2H), 1.92 (m, 2H). 

Step 5 : N^tettMKW^^ H-one)-6- 
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yflmethanesulfonamid hydrochloride 

A mixture of N-m8thyt[(3^Ihytlrosplro[(2H> 

fbnamide hydrochloride (0.144 g, 0.40 mmol), sodium bicarbonate (0.134 g, 1 -50 mmd) (2-bromoethyQbenzene 

(0,1 13 mL, 0.148 g, 0.80 mmol). potassium iodide (0.066 g, 0.40 mmol) and acetonitrile (5 mL) was heated at 
5 reflux for four hours. The mixture was concentrated In vacuo, the residue was diluted with saturated sodium 

bicarbonate solution (10 mL) and water (2 mL), and extracted with methylene chloride (3 x 15 mL). The extract 

was washed with water (3 mL) and brine, dried over sodium, sulfate, and fitered. The ffltrate was concentrated 

in vacuo to give a residue which was punned by flash chromatography to give 0.101 g tee-base. 

To a suspension of the free base En ethanol (3 mL) was added 5.9N hydrogen chloride in ethanol (0.046 
10 ml 0.27 mmol) to give a precipitate. The precipitate was filtered off and dried in vacuo to give the title compound 

as an off-white solid, (0.085 g, 45%), mp 142-145°C. 

Anal. Caicd. for G23H2sN2O4S.Ha-O.65 H 2 0 : 

C, 57.94 ; H, 6.41 ; N, 5.88. 

Found : C, 58.00 ; H, 6.68 ; N, 5.85. 

15 

EXAMPLE 338 

N^ethyi[(34^hydro-1M2-(4<yanort 
methanesulfonamide Hydrochloride 

20 A mixture of NHrcethy1[(3A<fihydrospiroK2H 

fbnamide hydrochloride (0.144 g, 0.40 mmol), sodium bicarbonate (0.134 g, 1.60 mmd), 2-(4-cyanophenyl- 
)ethyl methanesulfonate (0.180 g, 0.80 mmol), potassium iodide (0.066 g, 0.40 mmol), and acetonitrile (5 mL) 
was heated at reflux for four hours. In the same manner as Example 337 [P27], purification and recrystal lization 
from ethanol gave the title compound as an orange solid, (0.065 g, 33%), mp. 146-158°C. 

25 AnaL Calcd. for Q24Hz7N3O4.HCIO.25 C2H5OH : 
C, 58.67 ;H, 5.93 ;N, 8.38. 
Found : C, 58.96 ; H, 5.64 ; N, 8.29. 

EXAMPLE 339 

30 

N-[(1 H^S^enzofurazanyOethyi^^i^ 
hanesulfonamide monohydrochloride. 

Step 1 : Preparation of 5-amIno-24tydroxyacetophenone hydrochloride. 

5-Acetamido-2-hydroxyacetophenone (19.03 g, 98.5 mmoles) (prepared as described by C.T. Chang, F.C. 

35 Chen K.K. Hsu, T. Ueng, and M. Hung, J. Chem. Soc. 3414 (1961)) dissolved in 300 mL of ethano! and 100 
mL of 6N aqueous KCI was heated at reflux for 8 hrs. The solution was concentrated in vacuo, and the residue 
was flushed with ethanol, and dried in vacuo to give 18.3 g (99%) of 5-amino-2-hydroxyacetophenone hyd- 
rochloride as a dark solid. 

Step 2 : Preparation of 5^methanesutfonamido-2-hydroxyacetophenone 

40 A suspension of 5-amino-2-hydraxyacetophenone hydrochloride, 18.39 g (98 mmde) In 200 mL of 
methylene chloride cooled to 0°C was treated with 19.4 mL (240 mmol) of pyridine. Methanesulfonyl chloride 
7.74 mL (100 mmoles) was added dropwise. The mixture was stirred an additional 30 mln at 0°C and then 
allowed to warm to room temperature over 1 hr. The mixture was diluted with 200 mL of methylene chloride 
and washed with 50 mL of 1N aqueous HCI. Concentration of the organic layer and trituration with methylene 

45 chloride gave a solid which was recrystal teed from methylene chloride to give 1 5.45 g (69%) of 5-methanesul- 
fonamido-2-hydroxyacetophenone as a white solid (mp 121-122°C). 

Step 3 : Preparation of N(2-(4-aminophenyi)ethyi-1 t 4- dioxa-8-azaspiro[4.5}-decane 
1 ,4-Dk>xa-S-azaspiro[4.5]-decane (18.62 g, 130 mmoles) in 50 mL of acetonitrile was stirred under argon 
and treated with anhydrous potassium carbonate (27.60 g, 200 mmoles). The mixture was cooled to 0°C and 

so 2-(4-nitrophenyi)ethyi bromide (23.01 g, 100 mmoles) was added in one portion. After 10 minutes, the ice bath 
was removed and the reaction was stirred for 14 hrs at room temperature. The mixture was diluted with 220 
mL of ethyl acetate and 200 mL of water. The aqueous phase was separated, th organic phase washed with 
water (3x100 mL), and brin (2x50 mL). The organic portion was dried (Na2S04), filtered and concentrated 
to give 28.60 g (98%) of N(2^4^ftrophenyi)ethy^1,4^io«a^-azasp!ro [4.5J-decane as a yellow solid. 

55 The crude N(2-(4-nttrophenyl)ethyi-1 ,4-dioxa-e^zasptrol4.5}-decane (28.6 g) disolved in 170 mL of tet- 
rahydrofuran and 550 mL of absolute ethanol was treated with 4.0 grams of Raney nickel and shaken under 
an atmosphere of hydrogen (55 psig)fbr48 hrs. Filtration through ceiite, and concentration in vacuo gave 25.70 
g of N(2-(4-aminophenyI)ethyl}-1 t 4-dfoxa-S-azaspiro[4.5}-decane (mp 96.5-99°C) as an off white solid (98% 
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from 2-(4-narophenyl)ethyIbromide). 

Step 4 : Preparation of N(2^4-^tamino-S^ftro-phBnyi)8thyt-1 ^toxa-8^a2asp!ro[4^Hecaneacetate 

A mechanically stirred solution of N(2K4-aminophenyl)ethyl)-1 ,4-dloxa-a-azaspiro[4.51-decan In 
methylene chloride (400 mL) cooled to -5°C under an argon atmosphere was treated dropwise with acetic 
anhydride (58.8 mL, 622 mmoles). The reaction was allowed to reach room temperature and was stirred for 
18 hr. After the addition of an additional 29.5 mL (312 mmoles) of acetic anhydride, the reaction was cooled 
to -5°C, and a solution of nitric acid (d=1.49, 22.0 mL, 468 mmoles) in methylene chloride (1 : 1 by volume) 
was added dropwise. The reaction mixture was allowed to reach room temperature and was stirred for 4 hours. 
The mixture was cooled in an Ice bath and 1 00 mL of saturated brine was added. The layers were separated 
and the aqueous phase was extracted with methylene chloride. The combined organic portion was dried 
(Na2S0 4 ), concentrated and flushed with toluene (3x200 mL). The crude product crystallized during concen- 
tration, was filtered, and triturated with ethyl acetate (550 mL) to yield 56.7 g (89%) of N(2-(4-acetamino-3-ni- 
tropheny0e%l)-1 I 4^icaa-8-azaspiroI4.5]-decane acetic add salt TLC Rf= 0.80 (silica gel, 5% methanol in 
methylene chloride saturated with ammonia). 

Step 5 : Preparation of 842Kbenzduroxan-5-yl)ethyl]-1 t 4-dioxa-8-aza sptro[4.51decane 

A suspension of 4.09 g (10.0 mmoles) N(2-(4-acetamino-3*itro-phenyl^^ 
decane acetic acid salt in 60 mL of methanol stirred at 0°C was treated dropwise with 86% potassium hydroxide 
(5.22 g, 80 mmd) in 20 mL of methanol over 5 min. The temperature was allowed to warm to 25°C and the 
mixture was stirred 2 hr. Solid iodophenyldiacetate (3.86 g, 12 mmoi) was added and the mixture was stirred 
30 min. An additional portion of iodophenyldiacetate (0.32 g, 1 .0 mmol) was added and stirring was continued 
20 min. The mixture was concentrated in vacuo and the residue partitioned between 150 mL of ethyl acetate 
and 75 mL of water. 

The layers were separated and the aqueous layer was reextracted (2 x 100 mL) with ethyl acetate. The 
combined organic portions were washed with water (25 mL), and saturated brine, dried (NazSO*), and concen- 
trated to a solid orange residue. The solid was triturated with hexane and dried in vacuo to give 2.78 g (91%) 
of 8-[2-{benzofuroxan-5-yI)ethyf}-1 ,4-diaxa^-aza sptro[4.5]decane (mp 117-119°C). 

Step 6 : Preparation of 8-{2-(benzofiira2ar>-5-yl)-ethylH ,4-dk>xa-8-aza spiro(4.5]decane 
A solution of 8^Kbenzofaroxan-5-yi>ethyl]-1 ,4-dioxa-8-aza sptroH.5]decane (24.0 g, 78.6 mmol) in 
ethanol (240 mL) was treated with triethylphosphite (27.5 mU 157 mmol) and heated at reflux for 2.5 hours. 
The mixture was concentrated and flushed with hexanes (2 x 200 mL), and then diluted with 400 mL of hexanes 
and the solids collected by filtration to yield 19.3 g (82%) of 8-{2Kbenzofurazan-5-yI)ethyl}-1 ,4-dioxa-S-aza 
spiro[4.5l decane. A second crop (2.25 g 13%) was obtained after chromatography of the mother liquors on 
silica gel (2% methanol in methylene chloride). 

1H NMR (300 MHz, CDC« : 6 1.75 (bt, 4H) ; 2.65 (bt, 4H) ; 2.70 (t, J=7 Hz, 2H) ; 2.90 (t, J=7Hz, 2H) ; 3.95 (s, 
4H) ; 730 (d, J=9Hz, 1 H) ; 7.60 (s,1 H) ; 7.75 (d, J=9Hz, 1 H). 

Step 7 : Preparation of H2-(benzofurazan^vl)ethyl1piperidin-4-one 

A solution of 8-P-(benzofurazan-5-yl)ethyll-1 f 4-dtoxa-8-aza spho[4.5Jdecane (20.0 g, 69.1 mmol) in 1N 
aqueous Ha (200 mU 200 mmol) was heated to reflux for 1.5 hr. The cooled solution was adjusted to pH 8.5 
with 40% aqueous sodium hydroxide and extracted with ethyl acetate (250 mL then 100 mL). The combined 
extracts were washed twice with 1N aqueous HCI (200 mL combined). The acid layers were heated to reflux 
for 1 hr and then cooled. Basification as above, extraction into ethyl acetate, drying (Na2S04), concentration, 
and trituration with hexanes afforded 1-|2-(benzofurazan-5-yl)ethyl]piperidin-4-one as a solid 14.9 g (88%). 
HPLC : Rt= 3.0 min, 90 : 10 (0.1% H3PO4 in water : acetonitrfle) flow= 2.0 ml/min. Waters C 18 micro bondapak 
25 cmL 

Step 8 : Preparation of NH(1'-{2-(5-Benzpfurazan^ 
piperidlne-4-one)-6-yl]methane sulfonamide. 

A solution of 5wnethanesulfonamido-2-hydrQxyacetophenone (5.58 g, 24.3 mmd) and pyrrolidine (2.05 mL, 
24.3 mmol) in methanoi(30 mL) was warmed to 60°C and treated with 1-p-(benzofurazan-&-y0ethyllpiperitiin- 
4-one (6.0 g, 24.3 mmol). The reaction was stirred at 60°C for 1 hr, cooled to room temperature, and concen- 
trated in vacuo to an ofl. The residue was chromatographed on silica gel eluting with ethyl acetate then 3% 
methanol in ethyl acetate. Concentration of the appropriate fractions and crystal ization from isopropyl acetate 
provided 8.2 g (74%) of methanesulfonamide, N^1'-g(5-benzoforazanyI^^ 

benzopyran-2,4'-piperidin}-6-yO. This was converted to its hydrochloride salt, mp=285-287°C, by disolving th 
free base in dilute aqueous HCI at 90°C (2 eq HQ, 10 g In 15 L) cooling to precipitate, filtration and drying In 



vacua 



EXAMPLE 340 
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3,4 Dihydro-1H2-phenylethyl-6Kyano-epto^ hydrochloride -1/2 

HgO-1/3 ethanol 

A solution of 5-cyano-2-hydraxyacetophenone (806 mgs, 5 mmol) (prepared as described by N.G.P. Ellis, 
D. Shaw, J. Chem. Soc. Perton I 779-783 (1972)) and pyrrolidine (0.42 mL, 5 mmol) in methanol (6 mL) was 
warmed to 60°C and treated with 142^henyfeth^tperidirh4-cne (1.102 g, 5 mmol). Trie reaction was stirred 
at 60°C for 1 hr, cooled to room temperature, and concentrated in vacuo to an oO. The residue was 
chromatographed on silica gel eluting with ethyl acetate to give 500 mg of which 250 mg free base which was 
converted to the hydrochloride salt in ethanol at 0°C yield 270 mps of a solid after filtration and drying in vacuo 
mp=253-255°C(dec) HCH/2 CJtkO. 

EXAMPLE 341 

Spiro[2H-1-benzopyran-2,4S>'perkti^ 
monohydro chloride 

Step 1 : Preparation of 3-acetyM-rrydraxy-benzenesulfonyl chloride 

A mixture of 3-rrmcetyM-hydraxy-benzenesuffonic add (3.0 g) (prepared according to T. Pfiiegel et al., 
Acta Chim. Acad. Set Hung., 98(2) 231-240(1978)) in tetramethylenesulfone (6 mL) and acetonltrfle (6 mL) 
under argon was treated wfth triethylamine (1.94 mL) and N,N-dimethyIacetamide (0.32 mL). This was stirred 
for 30 min and POCI3 was added dropwise maintaining the temperature below 25°C. The reaction was stirred 
for 24 hr, cooled to 10°C and quenched with water (15 mL). This mixture was warmed to 60°C and stirred for 
1 hr, at which point a precipitate formed which was then filtered and dried to give 2.34 g (72%) of 3-acetyW- 
hydroxy-benzenesulfonylchloride. 

*H NMR (CDCI* 300 MHz) : 6 2.80 (s, 3H) ; 7.25 (d, J=12Hz, 1H) ; 8.05 (dd, J=3, 12 Hz, 1H) ; 8.4 (d, J=3Hz, 
1H); 12.75 (s,1H). 

Step 2 : Preparation of N^ethyk3^cetyl-44Tydroxy-ben2enesuifonlc acid amide. 

A saturated solution of monomethyl amine in acetonltrfle cooled to 0°C was treated with 3-acetyM-hyd- 
roxy-benzenesulfonyl chloride. The mixture was stirred 5 min, concentrated in vacuo , to an ol, d'tsolved in ethyl 
acetate and treated with 1 N aqueous Hd. The organic portion was separated, concentrated, filtered through 
silica gel (eiuted wfth ethyl acetate) to provide N^ethyJ-3^cetyW-hydro acid amide after 

concentration. 

'H NMR (300 MHz, CDCI3) : « 2.70 (s, 3H) ; 2.71 (s, 3H) ; 4.4 (bs, 1H) ; 7.10 (d, J=12Hz, 1H) ; 7.95 (dd, 
J=3,12Hz, 1H) ; 8.30 (d, J=3Hz, 1H) ; 12.75 (s 1H). 

Step 3 : Preparation of Spiror2r^1-benzopyran-2 t 4'-plperirt 
hydro-N-methyi-4-oxo, monohydrochloride 

Following a procedure similar to that for Step 8 of Example 339 for the preparation of methanesulfbnamide, 
N-[1 42^5^nzofurazanyl)ethyI}-3 l 4-dihyd^ -benzopyran-2,4'-piperidin]-6-yl]- f monohyd- 

rochloride substituting h4<nethyl-3^cetyl-44iydroxybenzenesulfonic acid amide for 5-methanesulfonamido-2- 
hydroxyacetophenone and 1-phenethyl-piperidin-4-onefbr 1-[2-(benzofurazan-5-y0ethy0piperidirH4-one there 
was obtained spiro|2H-1-benzopyran-2,4'-piperidme}-6-aminosulfb 
thyl-4-oxo, monohydrochloride*0.3 KfeO, mp = 232-233°C (dec). 

EXAMPLE 342 

SpiroI2H-1-benzopyrar>-2,4'-plperi 
rochioride 

Step 1 : Preparation of 3^cetyM4iydroxy-benzenesuffonic acid amide 

The title compound was prepared in a similar manner as for the preparation of N-methyl-3-acetyl-4-hyd- 
roxy-benzenesulfonic acid amide, but substituting ammonia for mono methyl amine. 

Step 2 : Preparation of SpirogH-l-benzopyran^'sriperidine^ 
dihydro~4-cxo, monohydrochloride 

This was prepared in a manner simflar to the preparation of spiro{2H-1 ^enzopyrarH2,4'-piperidine>6-ami- 
nosutfonyM'-P-phenyletrryl}^,^ monohydrochlorid but using 3-scetyW-bydraxy- 

benzenesulfbnlc acid amide in place of 5-methanesutfonamido-2-hydroxyacetophenone to give 
sp'iro[2H-1-benzopyran-2,4S>^ monohyd- 
rochloride mp=265-266°C. 

Employing the procedure described in Examples 340, 341 and 342, but substituting the appropriate 2-hyd- 
roxy-5-su bstituted acetophenone and the appropriate 1 -substituted 4-ptperidinone there were obtained the 
compounds of Table XXII. 
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a) hydroxyacetophenone prep, according to G.P. Ellis, D. Shaw, J. ChemSoc. Pertdn 1 779-783 (1972) 

b) hydroxyacetophenone prep, according to N.K. Sangwan, B.S. Verma, K.S. Dhindsa Ind. J. Chem., 
25B 672-674 (1986) 

c) hydroxyacetophenone prep, according to K. Burdeska, Synthesis (11) 940-942 (1982) 
EXAMPLE 369 

SDirof2H-1-benzopyrarH2,^ 
rochloride 

Asolution<>f3,4-dihydro^^^ 

mmol) in tetrahydrofuran (10 mL) and methanol (3 mL) was stirred at 0°C. Aqueous KOH in water (1N, 6 mL) 
and hydrogen peroxide (0.6 mL) was added dropwise and the reaction was stored for 2.5 hrs. The reaction 
was quenched with 1 0% aqueous sodium bisulfite and the product was extracted with ethyl acetate. The organ ic 
portion was washed with 1 0% aqueous sodium carbonate, water, and brine, dried (NajSCU). concentrated and 
chromatographed (silica gel, 5% methanol in methlyene chloride) to give spiro|2H-1-benzopyran-2 f 4'^ipert. 
dine]-6^inocart>onyl-142-pher^ mon hydrochloride (140 mg) after conversion to 

the salt In ethanol ; mp 261-263.5°C (dec). 



EXAMPLE 370 
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Splro[2H>1^nzopyran-2^^ip^dine}^carboxy-1 ^^heny<ethyi}^,4^ihydrt>4-omrm)nohyd- 
rochlorid 

A mixture of 3,4-dihydro-1M2-^^ (500 mg) 

in 30 mLof 4N aqueous HC1 was reftuxed for 18 hrs. The mixture was diluted with Isopropyl alcohol and con- 
centrated. This was redDuted with isopropyt alcohol, cooled to 0°C and the resulting solid isolated by filtration 
and drying in vacua yield 0.51 g (98%) cfspiroI2H-1-benzopyran-2,4'^iperidine]-6-can^ '-{2-phenyiethyi]- 
3,4-dihydn>4-oxo > monohydrochloride-0.3 HaO, mp = 264-265°C (dec). 

EXAMPLE 371 

Splro[2H-1-berizopyran-2.4^iperitf^ H-tmidazoylD-1 42-phenylethyn^.4-dihydro-4- 

oxo, dihydrochloride 

A solution of 3,4-dihydro-142-phenylethyl-6-cv^ (0.30 g, 

0.87 mmol) In methanol (30 mL) was cooled to 0°C and treated with HQ gas until the solution was saturated. 
This was allowed to warm to room temperature and stirred 18 hrs. The mixture was concentrated in vacuo to 
an oB, redisoived in methanol (30 mL) and treated with 1,2-diamino-ethane(0.26 mL) and stirred at room tem- 
perature. The mixture was concentrated in vacuo and chromatographed (silica gel, methylene chloride/metha- 
nol/ammonium hydroxide (90 : 10 : 2)) to give after concentration of appropriate fractions and conversion to 
the hydrochloride salt with HQ in ethyl acetate 120 mg of spiro[2H-1-benzopyran-2 f 4'^)iperitf^ 
dihydrtMH^kiazoyIIM'-P^ dihydrochloride-0.5 H2O, 

mp=269-271°C. 

EXAMPLE 372 

Spiro[2H-1^nzopyrarv2 t 4 , s>iperi 
ro chloride 

A solution of spiro[2H-1^enzopyr&n-2,4'^peridine]-^ 
3,4-dihydro-4-oxo, dihydrochloride (0.218 g) in methylene chloride (50 mL) under an argon atmosphere was 
treated with BaMn0 4 (220 g) and the mixture stirred and refluxed for 48 nr. The mixture was fatered to remove 
solids and the cake washed with methanol (1 00 mL). The filtrate was concentrated and flash chromatographed 
(silica gel, methylene chJorkJe/methenol/amonium hydroxide(90 : 10 : 2)) to give after concentration of approp- 
riate fractions and conversion to the hydrochloride salt with HCI V 65 mg of spiro[2H*1-benzopyran-2,4'-piperi- 
dine]-6-[2-{4,5-dihydro-1 H-imidazoyi]]-1 '-P-phenylethyl}-3,4-dihydro4-<>xo, dihydrochioride-0.2 H 2 0, 
mp=262-264°C (dec). 

EXAMPLE 373 

Spiro[2H-1-benzopyran-2,4'-piperidine}-6-am^ 
monohydro chloride 

A suspension of spto(2H-1-benzopyFan-2,4'-piperidine 
monohydrochloride (100 mg) in methylene chloride (10 mL) was treated with anhydrous dimethyrfbrmamide 
(0.005 mL) and oxalyi chloride (0.033 mL). This was stirred for 18 hrs at room temperature and then concen- 
trated to an oB. The oil was dissolved in methylene chloride and added to a cold (0°C) stirring solution of mono 
methyl amine (76 mg) in methylene chloride. After 5 minutes the mixture was concentrated and disolved in 
methylene chloride, washed with water, dried (Na^CXi), and concentrated to an oQ. The hydrochloride was for- 
med and crystalized from ethanof to give 102 mgs of spiropH-1-benzopyran-2,4'-piperi^ 
1 '^-phenyl ethy!]-3,4Klihydro4^-methyl-4-oxo f monohydrochlorkfe-0.3 hfeO, mp = 246-248°C. 

EXAMPLE 374 

SpiroT2H-1-benzopyi^2,4'-pip^ 
Qxo, monohydrochlorid 

In a manner similar for the preparation of spiroPH-1-benzopyrar>-2,4'-piperito 
phenyiethyt]^ ( 4^ihydro^-methyl-4-oxo, monohydrochloride, but substituting dimethyl amine for mono- 
methytarrrine was prepared 

spiro[2H-1-benzopyran-2,4'-piperidine]-6-am^ 
monohydrochloride, mp = 259-261 °C. 
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EXAMPLE 375 



Trans<^)-N-K1M6-Cyano-1,2,3,4-te^ 
zopyrarv2 t 4'-plperhJineH-on9-6-ylHTteto monohydrochtoride 
5 Step 1 : Preparation of 1 t 4^toxa^6'^no-1'-*x^ 
cane 

A solution of 6-cyano-tetral i n-1 -one (1 .712 g 10 mmol) (prepared as described by M L Afltnger and E.S. 
Jones, J. Org. Chem., 27 70-76(1962)) in 25 mL of anhydrous tetrahydrofuran (THF) cooled to-10°C and under 
an argon atmosphere was treated dropwise with a solution of phenyl tiimethylarnrnoniurn trfbromide (3.76 g, 10 

10 mmol) in THF (25 mL) over one hour. The reaction was quenched wfth an aqueous solution of 10% sodium 
thio- sulfate and saturated aqueous sodium bicarbonate. The mixture was extracted with ethyl acetate (3 x 75 
mL), the organic portion washed with water (3 x 50 mL) and brine, dried (Na^O*) and concentrated to give 
2.50 g of an orange solid (100%). The crude product was disotved in 25 mL of anhydrous dimethytfomamide 
(DMF) and added to a solution of 5.73 g (40 mmol) 1 ,4-dioxa-8-azaspiro [4.5]-decane in 25 mL of DMF coded 

is to -1 5°C over 15 min. The reaction was stirred an additional 2 hrs while the temperature was allowed to warm 
to -5°C. The mixture was diluted with ethyl acetate (200 mL) washed with water (3 x 150 mL) and then 1N 
aqueous HCI (2 x 40 mL). The acid washes were combined and washed with ethyl acetate (50 mL). Neutrali- 
zation with saturated aqueous NaHCO* extraction into ethyl acetate (300 mL) drying (Na2S04), and concen- 
tration afforded 2-2 g (67%) of 1 l 4-d1oxa-8-(6 , -cyancx1 '-oxa-1 ^2',3^4'4etrahydronaphth.2'-y0-8-azasplro 

20 [4^]decane. 

Step 2 : Preparation of Trans-1 t 4-Dioxa-8-(6'-<^o-1Miydroxy^^ 
piro[4.5]decane 

A solution of lithium aluminum hydride (19.2 mL, 0.5 M in dtglyme) was cooled to -20°C under argon and 
treated dropwise with 2.0 grams of 1 f 4-diaxa-8-(6 , -cyano-1 '-oxa-1 \2' f 3\4'-tetrahydronaphth-2'-Yl)-8-az^ 

25 piro[4.5]decane (6.40 mmol) in 50 mL of diglyme over 25 min. The reaction was quenched with a saturated 
aqueous solution of sodium potassium tartrate (25 mL) and extracted with ethyl acetate. The organic portion 
was washed with water, and the product extracted into 1N HCI. The acid extract was washed with ether (10 x 
100 mL) and basified with saturated sodium bicarbonate. The product was extracted into ethyl acetate which 
was washed with water and brine, dried (NsfeSO^, and concentrated in vacuo to give crude product yield 1.51 

30 g. This was subjected to flash chromatography (sSica gel, 75% ethyl acetate in hexane) which provided 600 
mg of trans-1 ,4-dioxa^6'<yano-r-h^ 99-6% 
pure (HPLC), 300 mg 98% pure and 100 mg 90% pure. (The minor component was the cfe stereoisomer.) *H 
NMR (300 MHz,CDCI s ) : S 1.55-1.90 (m, 5H) ; 2.04-2.15 (m, 1H) ; 2JS5 (m, 2H) ; 2.66 (m, 1H) ; 2.80-3.03 (m. 
4H) ; 3.97 (s, 4H) ; 4.58 (d, J=10Hz, 1H) ; 7.36 (s, 1H) ; &49 (d ( J=8Hz, 1H) ; 7.70 (d, J=8Hz. 1H). 

35 Step 3 : PreparattanofTrans-(+w)-hH(l'^^^ 

dn>-sptroI(2H)-1-benzopyran-2.4'-plperi monohydrochloride 

A solution of 600 mg (1.91 mmol) of tar^l^ioxa^e'-cyano-l'-hy^ 
2'-yf)-8-azaspiro[4.5]decane in 25 mL of 1 N Ha was heated to 1 00°C for 1 .5 hr and cooled to room temperature. 
The mixture was neutralized with saturated Na^O* extracted with methylene chloride (3 x 30 mL), and the 

40 organic portion dried (Na^CU). Concentration in vacuo provided 520 mg (1 00%) of trans-N^'-cyano-l '-hyd- 
roxy-1 ',2',3' f 4'-tetrahydronaphth-2'-yI>4-piperidinone. This material was suspended in 10 mL of methanol war- 
med to 60°C, and stirred under argon. In a separate flask, a solution of 5-sulfonamido-2-hydroxyacetophenone 
(0.876 g, 3.82 mmol) and pyrrolidine (0.319 mL, 3.82 mmol) in methanol (2.0 mL) was warmed to 60°C for 10 
min. This solution was transfered to the trans-N-^-cyano-l '-hydroxy-1 '^S'^'-tetrahydronaphth^'-ylH- 

45 piperidinone and the final mixture stirred for 1 .5 hrs at 60°C. Concentration in vacuo and chromatography (sOica 
gel, 1% methanol in methylene chloride to 2.5% methanol in methylene chloride) provided after concentration 
of appropriate fractions, and recrystallization from ethanol, the free base (450 mgs) of trans^*-)-methanesul- 
fonamide, N-[1 '-(6-cyano-1 A3, 4-tetrahydro-1 -hydrt^2-naphthalenyl)-3 i 4-dihydro^ -ben- 
zopyrarv2,4'-piperidln}-6-yl- t as a pale yeQow solid. This was suspended in ethanol containing 10% methanol 

50 and treated with 1.3 N HQ in isopropanol to furnish the hydrochloride salt after concentration and trituration 
with ethanol. This was dried in vacuo to give 470 mgs trans-t-Kj-methanesulfonamlde, N-{1'-(6-cyano-1 ,2,3,4- 
tetrahydro-1-hydroxy-2-naphthaleny^ mon °- 
hydrochloride (MP = 193-1 96°C) which contained 0.3 md equivalents of ethanol by NMR and 0.35 mole 
equivalents of water by microanalysis. 

55 Essentially employing the procedure described in Example 375 there were obtained the compounds of 
Table XXIII. 
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tabu: mil 



CHjSOjjHN 




EXAMPLE 



376 



RM 
QH — 



SALT 



377 



378 



OH 



1.0 HCl 

0.3 CB^OH 199-203Cdec) 
0.6 HaO 



CBgOH 



*O0 



1.0 HCl 
0. 6 BjO 



1.0 Kl 



195-197 



223. 5-224Cdec) 



EXAMPLE 379 



Traj£(+ : } : Methan^^ 
ny1)spiro[2H-1-benzppyran-2 t 4'-piperidine}^yK monohydrochloride 

Step 1 : Preparation of trans-1,4^iaxa^2Miydroxy-V^^ 
ro[4.5]decane 

A stirred solution of 1 ,4-dihydronaphtha!ene (1 .0 g, 7.7 mmol) In 20 mL of methylene chloride was treated 
with saturated aqueous sodium bicarbonate (8 mL) and meta-chloroperoxybenzoic acid (1.72 g of 80% pure, 
8 mmol). After 20 hours at room temperature the mixture was diluted with methylene chloride (200 mL) and 
washed with saturated aqueous sodium bicarbonate, water, and brine. The organic portion was dried (Na^O^, 
concentrated to an oil and disolved in ethanol (15 mL). 1,4-Dioxa-8-aza spiroI4.5]decane (0.99 mL, 7.7 mmol) 
was added and the mixture refluxed for 20 hrs. The solvent was removed In vacuo and the residue partitioned 
between ether and water. This was extracted with 1N HCl and the aqueous layer washed with ether (3 x 50 
mL). The aqueous layer was basffied with 40% NaOH and then extracted with ether (4x50 mL). The organic 
portion was dried (Na^OJ and concentrate to a gummy solid which was aystrallized from ether to give 0.95 
g (43%) trans-1,4^toxa^2Miydraxy-1^3^ as a white 

solid. 

iH NMR (CDCI* 300 MHz) : 5 1.81 (m, 4H) ; 2.61 (m, 2H) ; 2.75-2.90 (m, 6H) ; 3.31 (dd, 1H) ; 3.85 (m, 1H) ; 
3.98 (s, 4H) ; 4.37 (s, 1H) ; 7.10 (m, 4H). 

Step 2 and Step 3 are carried out in the manner of Step 7 and Step 8 for the preparaton of methanesuK 
fonamMe,r^1'-p^5-benzafurazar^ 

monohydrochloride substituting trans-1 ,4-dloxa-8-<2'-hydroxy-1 ^'^'^'-tetrahydronaphth-S'-yiy^-azas- 
p!ro[4.5]decane to give trans(+-)methanesu!foraintde, N-P,4-dihydra4-oxo-1'-(1 ^ f 4-tetrahydro-34iydraxy- 
2niaphthaIenyl)spiropH-1^enzopyran-2,4'^iperkim monohydrochloride in 40% yield, mp = 

276-277°C(dec). 

EXAMPLE 380 

Trans(±VMethanesulfonamide. N-{3^d^vdro^oxo-1 41 ^3 t 44etrahvdro^2-methoxyethoxy>-2-na- 
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phthalenynsptrogH-l^nzppyrarv^^iperidinel^^, monohydrochlgide 
Step 1 : Preparation of trans-1,4-dcpca-e^2"^^^ 

azaspiroI4.5]decane 

A solution of trans-1 f 4^taoca^2^hydroxy-1'^ 
5 (289.4 mgs, 1.0 mmol) in dimethyl fonmamide (2.0 mL) was treated wfth sodium hydride(50% by weight in oil, 

225 mgs, 4.7 mmol) and stirred for 30 miru This was treated with 2-bromoethyl methyl ether (0.48 g, 3.42 mmol) 

and stirred at room temperature 20 hrs. This was quenched with water and extracted with ether (3 x 50 mL). 

The product was extracted into aqueous 1N Ha and then after basification of the aqueous layer into ether. 

The organic portion was dried (Na^SO^ and concentrated to give trans- 1 f 4^1iQxa^2'-^"-methoxy-ethQxy>- 
10 1'^3\4'-tetrahydronaphth-3'-^ as an oil (260 mg, 90%). 

1H NMR (300 MHz, CDCU : 6 1 .74 (t, 4H) ; 2.74 (t, 4H) ; 2.80-3.20 (m, 5H) ; 3.40 (s. 3H) ; 3.58 (m, 1 H) ; 3.65- 

3.90 (m, 3H) ; 3.97 (s, 4H) ; 7.10 (m, 4H). 

Step 2 and Step 3 were carried out in the manner of Step 7 and Step 8 for the preparaton of methanesul- 

fonamide.NK1'42^5-benzofu^ 
15 monohydrochloride, but substituting trans-1 ,4^toxa^242"^tho*yethoxyH'^^ 

yl)-8-azaspirol4.5]decane to give trans(+->methanesuifonamide f N43 f 4Kfihydro^xo-141,2,3,4-tetrahyd^ 

3^2^ethoxyethc^)-2^aphthaIenyQspiro monohydrochloride, mp * 

254-256°C (dec). 

20 EXAMPLE 381 

Methanesulfonamide, N-[1 '-(6-cyano-1 .2,3,44etrahydro-2-naphthalenyl)^,^ 
benzopyrarH2 t 4'-plpericfin]-6-ylK monohydrochloride and separation into its ertantiomers 
Step 1 : Preparation of 6-cyano-24etralone 

25 A flame dried 1 titer round bottom flask with argon inlet, digital thermometer, and magnetic stir bar, was 
charged wfth a 68% NaCN/alumina mixture (21.22 g, 433 mmd)(NaCN and alumina were ground together in 
a mater and pestle according to the procedure of Datton et al. J. Org. Chem., 44, (24) 4443(1979)), and tet- 
raWs(triphenylphosplne) paDadium(0) (10.0 g, 8.65 mmol). The flask was purged three times via vacuum with 
argon and a solution of 6-bromo-2-tetralone (1946 g, 86.5 mmol) in degassed toluene (400 mL) was added. 

30 The mixture was heated to 80°C and stirred for 64 hrs at that temperature. Analysis by HPLC indicated 89% 
conversion (HPLC conditions, column : Waters C18 Bondapak, eluent : 80 : 20 (0.1% H3PO4 in HjO : CH 3 CN), 
flow : 2 mL/min, wavelength : 220 nm, Rt : bromotetralone = 9.65 mm, cyanotetralone = 3.46 min). The reaction 
was cooled and the mixture filtered through sflica gel (elution with 60% ethyl acetate in hexane.) Concentration 
of the appropriate fractions gave 9.4 g (68%) of 6-cyano-2-tetralone (98.7% by HPLC). 

35 'H NMR (300 MHz,CDCy : 6 2.56 (t, J=7Hz, 2H) ; 3.12 (t, J=7Hz, 2H) ; 3.65 (s, 2H), 7.24 (d, J=9Hz, 1H) ; 7.52 
(d, J=9Hz,1H);7.57(s, 1H). 

Step 2 : Preparation of 1,4^oxa^6'H^rH>-1'^.3\4 f -tetra 
hydrochloride 

A 500 mL round bottom flask fitted with an argon inlet, and Dean-Stark apparatus was charged with a sol- 

40 ution of 6-cyano-2-tetraIone (8.4 g, 49.0 mmol) in toluene (1 50 mL). Para-toluenesurfonic acid (0.40 g, 2 mmol) 
and 1,4-dioxa-8-azaspiro[4^J-decane (7.90 g, 54.0 mmol) were added and the stirred mixture heated to reflux 
and the water removed (4.5 hrs). The mixture was coded, and concentrated to an on in vacuo. The ofl was 
disolved in anhydrous tetrahydroturan (400 mL) and cooled to 0°C under argon. Dry HCI gas was introduced 
(<10°C) and a solid precipitate formed. The mixture was concentrated on a rotary evaporator to approximately 

45 50 mL Anhydrous tetrahydroturan (250 mL) was added and the mixture stirred and coded to 0°C. Sodium 
cyanoborohydride (4.2 g, 63 mmol) was added In two portions. The reaction was allowed to warm gradually to 
room temperature and stirred 16 hrs. This was quenched wfth 1N aqueous sodium hydroxide (160 mL) and 
stirred for 0.5 hr (pH=13.5). The layers were separated and the aqueous layer was washed wfth diethyl ether 
(2 x 200 mL). The combined organic layers were combined and concentrated on a rotary evaporator to an ofl 

50 which was disolved into methylene cWortde (200 ml). This was washed with saturated aqueous NaCI and then 
stirred with 1N HCI (100 mL) for 15 minutes. The layers were seperated and the aqueous was extracted with 
methylene chloride (2 x 100 mL). The combine methylene chloride extract was concentrated on a rotary 
evaporator and ethyl acetate (200 mL) was added during the distillation to effect crystallization. The resultant 
slurry was coded to 0°C for 3 hrs and the 1,4^ioxa^6'^no-1',2\3\4'^^ 

ss piro[4.5]decane hydrochloride was collected by filtration (8.70 g, 53%). A second crop was obtained upon con- 
centration of the mother liqours and dilution with diethyl ether (3.6 g, 22%). The combined sdids were 98% 
pure by HPLC. 

Step 3 : Resolution of 1.4-dlaxa-8-(6'-cyano- V^^'-tetrahydronarttf^^ 
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To a solution of 5.00 g (0.0168 moO of racemic 
azasplro[4,5]decane in 500 mL of bofling absolute ethanol was added 6.47 g (0.01676 mol) of dl-p-toluoyl-O; 
tartaric acid. The solution was concentrated by boning to 450 mL and allowed to stand overnight at room 
temperature. The product that crystallized was removed by filtration and was washed with ethanol to give 4.45 
of a salt, A. The filtrate and washings were combined and evaporated to give B. 

The solid A was recrystaOlzed three times from absolute thanol to yield 2.82 g of salt having [ajsss =+106.1° 
(c = 1.151 ; pyridine). This salt was converted to the free base using sodium bicarbonate solution and extracting 
into ethyl acetate. The ethyl acetate phase was dried over magnesium sulfate, filtered, and concentrated in 
vacuo to give 1.15 g of the (+)-enanticmer of the title compound : mp = 124-126°C ; [akw = +55.4° (c = 1 .605; 
CHCI3). 

The solid B was converted to the free base as described above to give 2.84 g of material. This solid (0X0938 
mol) was dissolved in 275 mL of bofling ethanol and was treated with 3.794 g (0.00938 mol) of di-p-toluoyi-L- 
tartaric acid monohydrate. 

The salt that crystallized on cooling was collected by filtration and was washed with ethanol to give 4.47 
g of material having [a]^ = -102.6° (c = 1.131 ; pyridine). Recrystallization of this material from ethanol gave 
3.71 g of salt, takes = -106.1° (c = 0.985, pyridine), and further recrystallization from ethanol gave 3.24 g of 
salt having essentially no change in rotation, [ah® = -1 05.9° (c = 1 .472, pyridine). This salt was converted to 
the free base as described above to give 1 .34 g of the (-)-enantiomer of the title compound : mp = 124-1 26°C; 
[a]sB9 = *4.5° (c = 1.954; CHCy. 

Step 4 : Preparation of ^6'-<^o-1'^3\4 , -tetrahy(^ 

Asdutionof1,4-dtaxa^6'-cyano-1S2\3\4Meta^ 
(10.0 g, 30.0 mmol) or the resolved free base was disolved on 1N Ha (100 mL). This was stirred and heated 
to 100°C under an argon atmosphere for 1.5 hrs. The solution was cooled in an ice bath to 25°C and methylene 
chloride added (200 mL). The mixture was stirred and basified to pH 9.0 with saturated aqueous sodium car- 
bonate. The organic layer was separated and the aqueous extracted with methylene chloride (2x50 mL). The 
combined organic extract was dried (Na2S04), and concentrated to a foam to give 7.5 g (99%) of N-(6'-cya- 
rrtM^^'-tetahydronaphtr^^^ (98% by HPLC, HPLC conditions, column : Waters C18 

Bondapak, eluent : 85 :15 (0.1% H3PO4 in H2O : CH 3 CN), flow : 2 mUmin, wavelength : 220 nm, Rt : ketal=6.20 
min, ketone=2.1 rrrin). 

Step 5 : Preparation of Methanesdfonamide, NK1M6-<yano-1^^ t 44etrar^dn^2-r^phthalenyl)-3 t ^ 
dihydro-4-oxospirot2H-1-bercK)pyran>^ monohydrochloride 

A solution of 24iydroxy-5^ethanesiitfbnamido acetophenone (5.58 g, 24.3 mmol), and pyrolidine (2.05 
mU 24.3 mmol) in methanol (30 mL) was stirred at 60°Cfbr 10 min. N-^-cyano-l ',2\^4'-tetrahydronaphth- 
2'-yI)piperidIn-4-one (3.09 g, 12^ mmol) was added in one portion and the mixture stirred for 1 3 hrs at 60°C. 
The reaction was concentrated to an oil in vacuo and flash chromatographed (silica gel, ethyl acetate) to afford 
the product in appropriate fractions which were combined and concentrated to 350 mL and treated with 1.3N 
HCI in isopropyi alcohol. The precipitate was stirred 2hrs, filtered, and dried in vacuo (60°C, 0.1 ton) to give 
3.91 g (64%) of Methanesuifonamide, N4146^ncn1,2 ( 3 ( 4^trahydro^ 
piro[2H-1-beraopyrare2,4 , -piperclinl-6-yI}-, monohydrochloride, m = 25Q-252°C. 

Starting torn the (+) 1 ,4-dlox£h8-(6 , -cyarK>-1 \2',3\4'4etrahydronaphtrK2'-yl)-8-azaspiro[4.5]decane the 
(+) enantiomer of methanesuifonamide, N41H6^r«)-1A3,44etrahydro-2-naphth^enyl)^^hydr^ 
oxospiror2H-1-benzopyrarH2,4'-piperidin}-6-yI}-, monohydrochloride was obtained. Mo = +40.7° (c=0.17 
MeOH) ; mp = 262-264°C (dec). 

Starting from the (-) 1 ,4-dioxa-8-(6'-cyano-1 '^,3\4'^trahydronaphth-2'-yl>-8-azaspiro[4.5]decane the (-) 
enantiomer of methanesuifonamide, hH1 46^^0-1 ,2,3.4-tetrahy^ 

piro[^1^rizopyrarh»2 f 4'^iperidin}-6-y0- f monohydrochloride was obtained, [ofo = -41 .36° (c=0.191 MeOH); 
mp = 263-265°C (dec). 

EXAMPLE 382 

(+) Methanesuifonamide, N41M6K^no-1A3Atetrahydn^ 
benzopyran-2 t 4 # -piperidinl-6-y0-, monohydrochloride [Alternate Method] 
Step 1 : Preparation of 6-arom>2-tetralone 

A single neck 3 liter round bottom flask under an Ar atmosphere was charged with 4-bromo-phenyl acetic 
acid (250.0 g, 1.15 m), methylene chlorid (1.5 L), and dimethyKbrmamid (0.5 mL). This magnetically stirred 
solution was cooled to 0°C and treated dropwise with oxalyl chloride (1 56 mL, 1 .74 m). The reaction was allowed 
to reach room temperature and stirred 16 hrs. The reaction was concentrated on a rotary evaporator to 
approxknately 1 L of volume. A separate dry 5 liter 3 neck round bottom flask under Ar, fitted with gas inlet 
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55 



tube, overhead stirrer, and digital thermometer was charged with methylene chloride (1.5 L) and Aid, (31^0 
g 2.34 m) This suspension was cooled to 0"C and stirred whJe the above solution of add eWorld was added 
to It slowly via cannula. When the addition was complete, tnylene gas was Introduced for 1-2 hrs to the vigor- 
ously stirred suspension while maintaining the internal temperature at 15°C. Upon completion by HPLC. the 
reaction was warmed to room temperature and stirred for 0.5 hrs. The mixture was receded to 0"C anoJauH; 
ously quenched slowly with water (1 J5 L). The layers were separated, and the aqueous one washed wWi 500 
mL of methylene chloride. The organic portion was washed with 2N aqueous HQ (2 x 800 mL). bnne (400mL). 
and saturated aqueous NaHCO, (2 x 800 mL). Each aqueous extract was washed with the same 500 mL 
methylene chloride extract from above. The methylene chloride extracts were combined, dried (NajSQ^fD- 
tered. and concentrated to approximately 500 mL of volume. This was then added to 5.0 L of hexanewarmed 
to 50°C The methylene chloride was distilled off and the hot solution decanted from an Insoluble brown tar. 
The solution was allowed to cool to 25°C and placed in the freezer overnight The precipitate was collected 
and washed with hexane (200 mL). and dried in vacuo to give 229.0 g of the compound as a pale yellow solid 
(88%) 

Step 2 : Preparation of (±) 1 ^ioxa-s-ffl- brOTO-1'^3\4'-tetra rivdron^ 

A3Lround bottom flask fitted with an argon Inlet, and Deak-Stark apparatus was charged with a solution 
of 6-bromo-2-tetralone (100.0 g. 445 mmol) In toluene (2.0 L). Para-toluenesuHbnieacId (0.50 g)and 1,4-diexa- 
8-azaspiro[4.5]-decane (81 .5 g. 489 mmol) were added and the stirred mixture heated to reflux and the water 
removed (4.5 hrs). The mixture was cooled, and concentrated to an oD in vacuo. The oO was dissolved in anhydr- 
ous tetrahydrofuran (1.5 L) and cooled to 0°C under argon. Dry Ha gas was introduced (at below 5°C) and a 
solid precipitate formed. Sodium cyanoborohydrlde (36.3 g. 578 mmol) was added in four portions. The reaction 
was allowed to warm gradually to room temperature and stirred 16 his. This was quenched with 1N aqueous 
sodium hydroxide (500 mL) and stirred for 0.5 hr (pH=13.5). The mixture was concentrated on a rotary 
evaporator to remove THF, and diluted with 1N NaOH (1.1 L) and diethyl ether (1.5 L). This mixture was stirred 
15 min and the layers were separated and the aqueous layer was washed with diethyl ether (2 x 200 mL). The 
organic layers were combined, washed eith water (2 x 500 mL) and saturated aqueous Nad (2x250 mL) and 
then with 1N HQ (1 x 1.0 U 2 x 500 mL). The acid extracts were combined, stirred with methylene chloride 
(1.0L). and basrfied with 40% aq. NaOH (pH=10). The layers were separated, and the aqueous extracted with 
methylene chloride (500 mL). The methylene chloride extracts were combined, dried (NazSO^. and concen- 
trated to an on. The oH was flushed with toluene (2 x 400 mL) and dried In vacuo to give the title compound as 
a solid on standing (1 28.8 g. 87%) which was greater than 98% pure by HPLC and used In the next step without 
purification. Note : The amount of of excess HCI gas present (pH=3-4. THF suspension on wet pH paper) criti- 
cally determines the yield free amine. Additional HCI may be added during the introduction of the cyano 
borohydride. In runs in which the pH was not adjusted property the yield was reduced to 50% ; the balance 
being a borane complex which was isolated from the ether layers. This borane complex could be quantitatively 
converted to the free amino by heating In 40% aq NaOH/ethylene glycol (1 :1) at 100»C. 

Step 3(a) : Preparation of Phenyl cyanate _ ^ „ 

Th7tiUe"eompound was prepared by a modification of the procedure described in Organic Syntheses. 61, 
35 (1983). A 3-necked. 2 L R.B. flask, equipped with a 500 ml pressure equalled dropping funnel, a mechanic! 
stirrer and a thermometer, was charged with water and coled in an ice-salt bath. Cyanogen bromide (1 89.1 g, 
1 78 mo!) was added and the mixture was stirred for 5 min. Phenol (160.0 g.. 1.7 mol) in carbon tetrachloride 
(535 ml) was added in one portion. The mixture was stirred vigorously while triethylamine (236.9 ml. 17Z0 g. 
1 7 mol) was added dropwise at a rate such that the reaction temperature did not exceed 5»C (total addition 
time = 45 min.). The mixture was stirred for a further 15 mm. then transferred to a 2 L separatory funnel. The 
organic layer was separated and the aqueous layer was extracted with carbon tetrachloride (2x90 ml). The 
combined organic layers were washed with water (3 x 90 mi) then dried by stirring with phosphorus perrtodde 
(10 g) for 15 min. The mixture was filtered and the solvent was evaporated under reduced pressure (water 
aspirator) at 20°C to give a yellow oil. Polyphosphate ester (Y. Kanaoka. et aL, Chem. Pharm. sua., 13. 1065- 
1072 (1965)) (0.2 ml) was added and the mixture was distilled under reduced pressure through a 15 cm vigreux 
column to give phenyl cyanate (165J g. 82%) as a colorless ofl. b.p. 79-82°C (16 mmHg)i. The product was 
stored under nitrogen at-10°C (freezes). 

iHNMR (300 MHz. CDQj) 8 : 7.49-7.30 (5H.m). _ . 

Rfpj/ajhj: Preparation ofte^l .4-Pioxa-<H6'<vano-1 -^.a'.A'.-tetrahvdronapath^VS-azaspirotA.Slde- 

— (±) -\ 4. D ioxa-8-(6'-brom>1'.2%3\4-tetra^ V** g. 02 mo!) under 

nitrogen in a 1 L RJJ. flask was dissolved m anhydrous THF (600 ml. distilled from N^"^" 0 " 8 ) an <* 
cooled to -75»C. Phenyl cyanate (26.08 ml. 28.5 g. 0.24 mol) dissolved in anhydrous THF (400 1 ml) under ntt- 
rogen in a 2 L R.B. flask equipped with a digital thermometer was cooled to -75°C. n-Bulyl lithium (1.6M in 
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hexane, 137.5 mU 022 mmol) was added to over 5 min. to the bromide solution. Further n-btrtyl l&hium (125 
mL, 0.02 mmol) was added to the phenyl cyanate solution. After 5 min., th Itthlated bromide solution was added 
over 5 min., via cannual, to the phenyl cyanate solution (reaction temperature rises to -35°C). The mixture was 
stirred and cooled to -75°C for 30 min. then the coding bath was removed and HCWH 2 0 (1M, 200 mL) was 

5 added with vigorous stirring. The mixture was warmed to room temperature, dButed with HQ-H2O (1M, 1800 
mL) an d washed with ether (2x1 000 mL.). Methylene chloride (1 000 mL) was added and the mixture was stirred 
and cooled in ice during the addition of aqueous sodium hudroxide 10 M, 1 80 mL). The layers were separated, 
and the aqueous layer was extracted with methylene chloride (500 mL). The combined organic layers were 
dried (NsfeSO^, and the solvent was evaporated underreduced pressure to give crude (±) 1,4-dioxa-8-(6'-cya- 

10 no-1\2',3\4'-tetrahydronaphth-^^ as a tan solid (56.2 g). Crude (±)1,4-diaxa-8-(6'- 

cyano-1'£^4'^trahydronaphth-^ In three batches (56.4 g, 56^ g, 27.7 g ; total 

1 40.3 g) were separately dissolved in refluxing methyl-cydohexane (1 000 mL each) and combined by decanting 
into a 5 L, 4-necked flask equipped with a mechanical stirrer, thermometer, reflux condenser and a stopper. 
The mixture was heated to reflux (clear solution formed), then allowed to cool with stirring to room temperature, 

15 then to 5°C. The mixture was stored at -15°C for 15 hr. The solid was collected by filtration, washed with cold 
1 methylcydohexane (2 X 1 50 ml) and dried In vacuo at room temperature to give the spirodecane as a pale yel- 
low solid (121.3 g), .m.p. 136-138°C. Purtty = 993% 

Step 4 : Resolution of 1,4-diaxa^6'-cyano-1^,3MMetrahy^ 

A 12 L round bottom flask fitted with a reflux condenser, digital thermometer, and overhead stirrer was 

20 charged with absolute ethand (10.6 L) and 1 ,4-dioxa-8-(6'-cyano-1 ' f 2\^4'-tetrahydronaphtb-2Y)-8-azas- 
piro[4.5]decane 120.0 g, 402 mmol). The mixture was warmed to 65°C to give a dear solution, and 97% di-p- 
toIuoyl-L-tartaric add monohydrate (167.7 g, 402 mmol) was added. The resulting dear solution was seeded 
with this salt and allowed to cod to room temperature with stirring overnight The predpitate was collected by 
filtratio and washed with absolute ethanol (600 mL). The sdid was dried in vacuo to a sdid and converted to 

25 free base In a stirred mixture of ethyl acetate (2.0 L) and saturated aqueous NaHCQs(3.0L). The layers were 
separated, and the aqueous one washed with ethyl acetate (2 x 500 mL). The organic layers were combined, 
washed with brine (2 x 200 mL), dried (Na^SO^, and concentrated to 69.4 g of a solid (59% yield). The solid 
free base (69.4 g, 233 mmol) was dissolved in absdute ethand (4.25 L) at 60°C and 97% di-p-tduoyl-D-tartaric 
add (92.64 g, 233 mmol) was added. The resulting dear solution was seeded with a sample of this salt and 

30 allowed to cod to room temperature overnight The precip&ate which formed was collected, washed with abso- 
lute ethand (800 mL), and dried in vacuo at 40°C to give 122.5 g (44.5%). This+D salt was completely dissolved 
in absdute ethand (8.0L) at reflux and concentrated to approximately 7.0 L of volume by distillation at 1 atmos- 
phere. The solution was seeded and coded toroom temperature overnight The sdid was cdlected, washed 
with absolute ethand (800 mL) dried in vacuo to give 100.9 g [a]o= +104.7° (c= 1.0 pyridine)) (38.7%). This 

35 salt was dissolved in hot absolute ethand (8.3L), concentrated at 1 atmosphere to 3.1 L of total volume, seeded 
and cooled to room temperature overnight This solid was cdlected, washed with absolute ethand (900 mL) 
and dried in vacuo to give 89.7 g [a]o=105.4° (c=1.0 pyridine)) (32.6%). A further crystallization from 7.0 L hot 
ethanol concentrated to 2.9 L volume gave 74.3 g Qah- +105.4° (c=1.0 pyridine)) (32.6%). A further recrys- 
tallization from 7.0 L hot ethanol concentrated to 2.9 L volume gave 74.3 g [a] D =104.9° (c=1 .0 pyridine)) (27% 

40 yield). The free base was obtained by treating a stirred mixture of saturated aq. NaHC0 3 (250 mL) and 
methylene chloride (250 mL) with 1 ( 4-dloxa-8-(6'-cyano 1'^,3\4'^trahydronaphth-2'yI}-6-azaspIro}4.5]de- 
cane dV-p-toluoyi-D-tartaric add salt (10.0 g, 33.5 mmol). After 15 min the layers were separated, the aqueous 
washed with methylene chloride (100 mL), and the combined organics washed with saturated aq. NaHCQs (100 
mL), dried Na2S0 4 ) and concentrated to give 4.30 g (99%) of a sdid. A sample of free base was analyzed by 

45 chiral shift reagent proton NMR to be 99.8% pure (+) enantiomer. 

Step 5 : Preparation of NK6 f -Cyano-1 , ^,3 r ) 4 f -tetrahydronaphth-2 , -yl)piperidin-4-one 
A solution of (+) 1,4^ioxa-8-(6'-cyano-1',2\3\4'-tetrahy^^ (10.0 g, 

33.5 mmd) was dissolved in 1 N HCI (1 00 mL). This was stirred and heated to 1 00°C under an argon atmosphere 
for 1 .5 hrs. the sdution was cooled in an ice bath to 25°C and methylene chloride added (200 mL). The mixture 

50 was stirred and bashed to pH=9.0 with saturated aqueous sodium carbonate. The organic layer was separated 
and the aqueous extracted with methylene chloride(2X 50 mL). The combined organic extract was dried 
(Na^0 4 ), and concentrated to a foam to give 7.5 g(99%) of N-CG'-cyano-r^'.a'^'-tetrahydronaphth-^-yOpiP r- 
din-4-on (98%byHPLC). 

Step 6 : Methanesutfbnamfd , tH1H6-cyano-1,2,3,44Btrahydro-2-naphft^ 

55 piro[2H-1-benzopyran-2 t 4 , -piperidinl-6-yO- > monohydro chloride 

A sdution of 2-hydJWy-5-methanesulf6namido^ceto^ (26.98 g, 117.7 mmol), and pyrrolidine (9 J 
mL, 117.7 mmd) in methand (480 mL) was stirred at 25 °C for 10 min. (+)-N-{6'-Cyano-1'2'3',4 , -tetrahyd- 
ronaphth-2'-yi)-piperidirv4-one (20.0 g, 78.4 mmd) was added in on portion and the mixture stirred for 24 hrs 
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at 25 °C. The reaction was concentrated to an oO In vacuo and flash chromatographed (silica gel, ethyl acetate) 
to afford the product In appropriate fractions which were combined and concentrated to a foam. This was crys- 
tallized from isopropyi alcohol (525 mL) to give a solid which was collected by titration, washed with IPA (50 
mL) and dried in vacuo (30.8 g). This was crystallized from isopropyi alcohol (525 mL) to give a solid which 
5 was collected by filtration, washed with IPA (50 mL) and dried in vacuo (30.8 g). This was dissolved in ethyl 
acetate (1.5 L) and treated with 1 .3N Ha In IPA (55 mL). The precipitate was stored 20 hrs, filtered and dried 
in vacuo (60°C, 0.1 ton) to give 32.3 g (84%) of (+) Methanesulfonamide, N-{1 '-(6-cyano-1 ^ ,3 Atetrahydro-2- 
naphftaleny!V3,4-dihydrtH*-c«^ Mo = +40-7 (c=0.17, MeOH). 

10 EXAMPLE 383 

Resolution of 6-Methanesulfofiamidc^,4^ 
zopyran-2 t 4 , -piperidineH-one 

To a warm solution of 2.1 12 g (0.00479 mole) of racemic 6-methanesu!f6namido-3 t 4-dihydro-1 '-(1 .2,3,4- 

is tetrahydronaphth-2-yl)spiro[(2r0-1-benzopyran^ in 50 mL of acetone was added a solu- 

tion of 1 .852 g di-p-toluoyi-D-tartaric acid (0.00479 mol) in 20 mL of acetone. After standing at room temperature 
for 48 hours, a hard solid, A, had precipitated out The solvent was decanted, and the solid was washed four 
times with acetone. The original decanted solvent and washings were combined and evaporated to afford B. 
The solid A was recrystallized from absolute methanol four times to afford 0.636 g of salt having mp = 203- 

20 204° (dec) and [oW 8 * = +85.8° (c = 0.975 ; pyridine). This salt was converted to the free base form using 
sodium bicarbonate solution, and the hydrochloride salt of the amine was prepared and crystallized from iso- 
propyi alcohol to give 0.303 g of the (+)-enantiomer of the title compound ; mp283-285°C (dec) ila]^ +36.9° 
(c = 0.449 ; DMF). 
Anal. CalCd. for Ca^NaC^S-HCI : 

25 C, 60.43 ;H, 6.13 ;N. 5.87. 

Found : C, 60.03 ; H. 6.25 ; N, 5.61. 

The solid B was treated with saturated sodium bicarbonate solution and extracted into ethyl acetate. The 
ethyl acetate phase was dried over magnesium sulfate, fltered, and concentrated in vacuo to give 1.112 g of 
material. This solid (0.00252 mol) was dissolved in 10 mL of warm acetone and was treated with a solution of 

so 1 .01 9 g (0.00252 mol) of di-g-toluoyl-L-tartaric acid in 1 5 mLof acetone. Afterstanding overnight, the precipitate 
that formed was removed by filtration and was washed with acetone. Two recrystallizations from methanol gave 
0.803 g of salt having mp = 203-204° (dec.) and [alas = -85.4° (c = 0.830 ; pyridine.) This salt was converted 
to the free base form using sodium bicarbonate solution, and the hydrochloride salt of the amine was prepared 
and crystallized from isopropyi alcohol to give 0.146 g of the (-)-enantiomer of the title compound ; mp 284- 

35 286°C (dec.) ; [afe* » -37.7° (c = 0.779 ; DMF). 
Anal. CalCd. for C^H^C^Se-HCi : 
C f 60.43 ; H, 6.13 ; N, 5.87. 
Found : C, 60.28 ; H, 6.17 ; N. 5.78. 

Essentially employing the procedures described in Example 381, but substituting for the 6-cyano-2-tet- 

40 ralone used therein, the appropriate 2-tetralone were produced the spiropiperidinones described in Table XXTV. 
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EXAMPLE 


RM 


ISOMER 


SALT 


M P. C°C) 


384 




CO 




275(d) 


385 




CO 


°HC1 


2B3-285(d@0 


3SO 


UP 


CO 


°HC1 




387 




CO 




232-255Cdse) 


388 




CO 




272-274(dsc) 


369 




CO 


-BC1 
•1 /4I^O 


263-265CdecJ 


390 
391 




•ESI 279-280(dec) 
•0. 9CH3CH2OH 
•0, SH^O 

•HC1 204-208CdQC) 


392 




CO 


-HC1 


275-277(dec) 



393 



K30 



°K:i 198°Cdec) 
«0. 75d%CHa0H 
•0. 71^0 



EXAMPLE 394 

1 ,4-Djhydro-l 42K4^ethanesuIfonamkiopheny)^^ 
zopyran-3.3 , -piperidine] hydrochloride-0,7 ^0-0.35 Isopropanol 

Step A : Preparati n of I.^Dlhydro-l'-^iylspiro^-benzopyfan-a^'-plperidonel 
A solution of N-methyito!uamfde (12.0 g) in tetrahydrofuran cooled to 0°C was treated with n-butyllrthhim 
(103 mLof 1.6M in hexane) and the solution stirred for 1 hr. The mixture was cooled to -78°C and a solution 
of N-ethyW-piperidinone (15.34 gin 50 ml ofTHF). After 0.5hrth mixture was warmed to 0°C and quenched 
into ice (200 g). The organic phase was separated and th aqueous extracted withchlorofbrm (200 mL). The 
combined organic extract was concentrated to a foam (25.0 g) which was disotved in 50% aqueous acetic acid 
(50 mL) and treated with concentrated sulfuric acid (1 5 mL). The mixture was stirred at 1 10°C for 6 hrs, quen- 
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ched into ice, and bashed to pH 8.5 with 40% aqueous NaOH. Extraction with doroftmn (3 x 250 mL), drying 
(Na^SC^), and concentration gav an on which was chromatographed (sfltca gel, 5% methanol in methylene 
chloride). Concentration of appropriate fractions gave 1 ,4-dihydno-1 '-^thy1^iro42-*en2^yran^,3^iper^ 
done] as an ofl (17.2 g). 

s <H NMR (300 MHz, CDCW : 6 0.95 (t, 3H) ; 1 .57 (m, 4H) ; 2.35 (m, 4H) ; 2.65 ft 2H) ; 3.2 (dd, 2H) ; 7.25 (d, 
1H) ; 7.38 (t, 1H) ; 7.54 (dt. 1H). 8.1 <d. 1H). 

Step B, C, D, E, and F are carried out in a manner analogous to Steps A, B f C, D, and E in Example 60 
for the preparation of 1,4^ihydro-1'^^4HT»manesufo 

[(3H)-2^nzopyran-3 i 4'-piperidIne]hydrochloride substituting 1 ,4-dihydn>-1 '^thyJ-spirop-benzopyran-3,3'- 
10 piperidone] for 1,4^ihydrck1 # ^ethyi^piro[2^nzD-p^ in Step A. This gave 

1 ,4-dihydro-1 '-[2^4^ethanesulfonamidopheny)ethylH^eto 

piperidine]hydrochloride-0.7 H 2 O-0.35 isopropanol, mp = 169-171°C (dec). 

Essentially employing the procedures described in Example 394, but substituting for 2-{4-<methanesuJ- 

fonamkto)phenyl]ethytmethanesuifonate used therein, the appropriate eiectrophDes there were produced 
is spiropiperidines described in Table XXV. 

TABLE m 



20 

CH 3 S02 

25 
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R — M 

30 




SS 
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Exanple RM salt npC°C) 

•HC1 1 50-1 55 

w-x. «0. 35B.O 

395 -CH.CH,"^/— ^ T5 3, Aa 



396 -CH^-^^ °HC1 1 84-1 87C dec) 

\ «n 5H.Q 



NHSOaCI^ 



NHSOaCI^ 



K 

398 -CHiC^-O '^25^0 

NHSOjCHg 

399 



•0, 5H 2 0 

•HC1 171-173(dec) 
1 1 /2I%0 
•0. 25IPA 

•XI 150-150 
•1. 25H 2 0 
*0. 2IPA 

°2HCl 158-160 



j^S °2H2S0 4 120-(dec) 

400 _ w AX W -0.85IPA 



(*IPA is isopropyl alcohol) - 

EXAMPLE 401 

1,4-0lhydro-1 t 1-dimemy1-1^jnetrr^ 

A solution of 1,4^ihydro-1'-methy»-7^ethanesuffonamido-spiro[(3H 
(from Example 60, Step B) in THF (3.3 mmd in 10 mL) was cooled to -78°C and treated dropwise with methyt 
magnesium bromide in THF (10 mmol). The reaction was warmed to 25°C and quenched with water (1 mL). 
The mixture was concentrated on a rotary evaporator, redissolved in 85% H 3 P0 4 (10 mL) and heated at 100°C 
for 1 .5 hours. The mixture was poured into ice and the pH adjusted to 8.5 with 40% aqeuous NaOH. Extraction 
with CH 2 Cl2, drying (Na^O^, and evaporation of solvents gave the crude product which was purified by 
chromatography on silica gel (50% EtOAc in hexane). The title compound was obtained In 85% yield and con- 
verted to the hydrochloride salt, mp 203-205°C. 

By treating 1 ,4-dihydro-1 ,1-dlmetriyM '-methyi-7-fr«trttnesulfbna^ 
piperidine as for 1 f 4-dihydro-1 '•*nethyl-7n™ethanesutfor^ in 
Example 60, Step D, there was obtained an intermediate which when treated as in Example 60, Step E, sub- 
stituting for the 2^4^rnethanesulfonamldo)phenyl]ethyi methane sulfonate used therein, the appropriate 
electrophfles there were produced the spiropiperldines described En Table XXVI. 
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CH3SO2NH 




Exanple 



salt 



402 




•HC1 

-0. 55 HzO 
0. 2 othylacetata 



>255 



403 



•HC1 



243-45°C 



EXAMPLE 404 

6-Mefranesulfonamide-1^exy^y^^ 

A stirred solution of 6-methanesulfonamidc-1Miaxy^ 
4-one(0.915 g, 2.32 mmol) in 50 ml of absolute ethanol was chilled to 0°C, blanketed in and was treated 
with NaBhU (0.878 g, 23.2 mmol). The resulting solution was allowed to stir to 25°C over 18h. The dear solution 
was concentrated in vacuo, and the residue was dissolved in a total of 1 25 ml of ethyl acetate and was washed 
with 50 ml of water, followed by washing with 25 ml of saturated aq. Nad. The organic phase was dried 
(MgS0 4 ), filtered, and concentrated in vacuo to clear o3 to give 0.710 g (88.3%) of the desired product The 
hydrochloride salt was generated in ethanol using 1 equivalent of 3.22M ethanol ic Ha to give a dense crys- 
talline solid, mp = 249-250°C (dec). 
Anal. Caicd For Ca^CIN^S : 
C, 55.48 ; H. 7.68 ; N, 6.47. 
Found : C. 55.69 ; H, 7.80 ; N, 6.41. 

EXAMPLE 405 

6.7-Dimethoxy-1 '^-(4^ttrophenyl)eth^ ^3,44etrahydroi^)quinoline-1 ,4'- 

piperidine]-4-one 

A mixture of 6,7-dimethoxy-1 '-{2-(4-nitropheny0ethy0-spiro[1 A3,4-tetrahydio-isoquinoIine-1 t 4'-piperidln]- 
4-one hydrochloride (0.33 g) sodium bicarbonate (0.1 g) and p-nitro benzyl bromide (0.25 g) in ethanol were ref- 
luxed for 18 hours. The reaction was concentrated and chromotographed on silica (methylene 
chloride/methanol, 90 : 10) to give 60 mg upon concentration and crystallization of the dihydrochloride saltfrom 
isopropanol. mp 174-1770°. 

EXAMPLE 406 

6J4)Unethoxy^piro[1 t 2,3,4-teteh H-on Dihydrochlorid 

To a solution of 6J-dimethoxy-1 '-mathylspirotl ,2,3,4^etrahydroisoquindine.1 ,4'-piperidInJ4-Gne (Helv. 
Chera Acta, 58, Fasc. 1, Nr. 8 (1975)) (1.0 g) and N, N,N\N'4etramethyM ,6-napthalenedIamIne (0.9 g) in 



115 



EP0431943 A2 



dichloroethane at 0°C under nitrogen was added 1-chIoroethyi chlorofonmate (9-5 ml) and the mixture stirred 
at reflux for 1 hr. The reaction was cooled, passed thru silica and the product etuted with 10% ethyl acetate in 
methylene chloride. After evaporation, methanol was added and the mixture refluxed for 1 hr. Upon evaporation 
the foam was crystallized from ethand/ether to give 0.6 g of the title compound as dihydrochloride salt 
*H NMR (300 mHz, DMSO) 6 : 1 1.2 (Broad S.2H), 9.2 (Broad S.2H), 7.4(s,1H), 4.5(s*2H), 3.9(s,3H), 3.8 (S.3H) 
3.6^2^ 3.3(n\2H), 2.3(m,4H). 

EXAMPLE 407 

6 t 7-Oimethoxy-1 '^4^ethanesujfonamidophenyQethyl}»2K4-nitrobenzyl>^piro[1 ,2,3,4-tetrahydroiso- 
quinoline-1,4'-piperidineH-one Dihydrochloride 

A mixture of 6jKfirnethaxy-144-nftrophenetr^^ 
(0.2 g), 2-{4-methanesutfonamIdophenyI)ethy1 methane sulfonate (0.185 g), and sodium bicarbonate {02 g) 
was refluxed for 24 hrs. The reaction was concentrated to an oD and chromatographed on silica using methylene 
chloride/methanol as eiuent Concentration and crystallization from isopropyl alcohol by addition of isopropyt 
alcohol saturated with anhydrous HCI gave 6J^irnethoxy-1'^^4^ethanesuifonamidoph8ny0ethy0-2-(4-nit- 
robenzy1)«piro[1A3.4-tetrahydro dihydrochloride (0.130 g); mp 240- 

242°C. 

Employing the procedure substantially as described in Example 407 using the appropriate mesylate, there 
was produced the isoquinolines described in Table XXVII. 



TABLE XXVII 



Exarrple RM salt caicd: c. 51.92; 

•3HC1 H. 6.34; N. 8,26. 



JO 



408 -CHaCHs ,H 2° 

Found: C. 51.84: 
H. 6.60: H. 8. 11. 

•EtOH rn p. =153-154°C 

409 -CHaCHa 



EXAMPLE 410 

6-7-Dimethoxy-1 '^4-nitrophenyl)ethyll-2-(4-nitrobenzylVsp iro[1 ,2 l 3,4-tetahydroisoquindin&-1 ,4'- 
piperidineH-one Dihydrochloride 

To a solution of 6jKfirratrK)xy-1M2^4^it^ 
4-one wasadded NaBH* (0.284 g) in two portions. The mixture was stirred for 15 mini 0°C, and quenched into 
an ice/Water mixture. The reaction was concentrated to remove methanol and extracted with methylene chloride 
(2 x 50 mi). The methylene chloride extracts were dried over sodium sulfite and concentrated to an on. The oil 
was dissolved in isopropyl alcohol and a solution of HO/isopropyl alcohol added. The resulting slurry was fil- 
tered, washed with isopropyl alcohol and dried to yield 0.80 g of the title compound. MP 194-196°C (Dec) 
CalCd : C, 55.20 : H, 6.24 ; N, 8.40. 
Found : C, 54.59 ; H t 6.35 ; N, 8^0. 

EXAMPLE 411 
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6-7^imethoxyi1M2^4-n^ 1 Dihydrochloride 

A mbctureof6jKiimethax^ 
ol dihydrochloride (0.4 g) in polyphosphoric add (20 g) was maintained at 100°C for 6 hre. The reaction mbcture 
was cooled to 40°C and quenched into an ice/water mixture. The pH was adjusted to 10 with 40% NaOH and 
extracted with CH2CI2 (2 x 50 ml). The methylene chloride extracts were dried over Na^SO* and concentrated 
into an ofl. The ofl was chromotagraphed on silica using methylene chloride/methanol (98 : 2), and the product 
concentrated to an oil and the dihydrochloride salt was crystallized from teopropanol by addition of isop- 
ropanoI/HCL The slurry was diluted wfth diethyl ether, filtered and dried to give 0.170 g of the title compound. 
MP 237-230°C (Dec). 



EXAMPLE 412 

6J-Dimethoxy-1'^K4-nltrophen Dihyd- 
rochloride 

To a solution of 6,7-dimethoxy-142-(4-nltrophen^ 
dihydrochloride (100 mg) In methanol (6 ml) at 0*C was added NaBH* (23.8 mg). The reaction was stirred for 
15 min. The aqueous solution was extracted with methylene chloride (2 x 50 ml). The methylene chloride layers 
were dried over Na^O*, concentrated to an o3 and redissoived in ethanol. Addition of HCL/diethyl ether gave 
a solid which was filtered, and dried to yield 0.082 g of the title compound. MP 247-250°C (Dec). 

EXAMPLE 413 

N-Benzyl-2^thyl-spfro-3 t 4-dihydr^ 

To sulfuric acid (50 ml) at 0°C was slowly added a solution of 1-tor^-4-rrydroxy-4^H^etrrylcar- 
bamoyObenzyt]piperdine (J. Med. Chem.,24, 194-198 (1981) ; J.AmChem. See, 107, 2323 (1985)) (11.5 g) 
in dichloroethane. The reaction was stirred at 45°C for 5 hours, cooled and quenched Into ice water. Diethyl 
ether (200 ml) was added and the pH was adjusted to 10 with 40% NaOH. The aqueous phase was extracted 
with diethyl ether (200 ml) and the extracts were concentrated to an ofl. The ofl was chromatographed on silica 
using ethyl acetate as an eluent to give after concentration 4.5 g of the titie compound. 
1H NMR (300 MHz. CDCI*) 8.05 (d, 1H), 7.3 (m, 7H), 7.1 (d, 1 H) 3.58 (S. 2H) f 3.17 (S. 3H) f 2.9 (S, 2H) 2.7 (m. 
2H). Z45 (d of t. 2H), 1.8 (M. 4H). 

N-Benzyl-2-methylspirc^,4-dftydro^ was treated in a manner similar to the 

conditions in Step D and Step E of Example 60 to provide the compounds described in Table XXVIII below. 
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ok 



15 Erarrple ?M salt np(°c;) 

414 -CCI^) a — ^QmHSC^CHs «2. 8 B3O 177-179 



•0. 1 5 IPA 



415 -CCK^z— ^""^ 187-188 
IF 7 



EXAMPLE 416 



3,4-0ihydro-1 M14iexyI)-6Hfnemane8ulf6r^Mc>^piro-[(2H)-1 ^benzopyrarv-^^-plperidlneH-N-aceta- 
mide Hydrochloride 

30 To a solution of (3,4^ihydio-1M1^^)-^ethanesuJfonamido^piro[(2H)^ 

dineH-o! (0.8 g) in acetonftrOe (16 mJ) at -15°C and under argon was added sulfuric acid (0.6 ml). The reaction 
was aged at -15°C for 1/2 hour and allowed to warm to 25°C over 1 hour. The solution was quenched into Ice- 
/water (50 ml), concentrated to remove acetonitrile and 1N NaOH was added to adjust pH to 9.0. The product 
was extracted into methylene chloride, dried over sodium sulfate, concentrated and crystallized from ethanol 

35 as the hydrochloride salt to yield 0.65 g of the title compound, mp > 300°C (dec). 

EXAMPLE 417 

3 t 4^ihyoYo-1H1-hexy1)-6HrnBth^ 

40 mine Dihydrochtoride 

To a solution of 3,4^hydro-1H1-hexyl)-6^ethanesulfo^^ 
4-N-acetamide (0.20 g) in tetrahydrofuran at 0°C under argon was added a 1.0M solution of lithium aluminum 
hydride in THF (1.0 ml). The reaction was warmed to 50°C for 3 hours and then quenched by addition of Ice- 
/water (20 ml). The reaction was diluted with methylene chloride (50 ml), filtered and the organic layer removed. 

45 The organic layer was washed with brine (20 ml), dried over sodium sulfate and concentrated to an oil. The oD 
was chromotographed on silica (methylene chloride/methanol/ammonium hydroxide 90/10/2) to give 130 mg 
foam upon concentration. The foam was crystallized from ethanol as its dihydrochloride salt to give the title 
compound, mp 220-222°C. 



SO EXAMPLE 418 



3,44)ihydro-1l(6<yano-1A3 t 4-te^ 
zopyran-2,4'^iperidineH-F^acetamide Hydro chlorid 

The title compound was prepared in a manner similar to that for the preparation of 3,4-dihydro-1'-haxy!)- 
55 6^ethanesuffonamidc^pln>{(2HH-benz hydrochloride by substitut- 

ing the appropriate alcohol prepared in Example 479 for the starting alcohol in the preparation of Example 41 6 
to give the title compound as the hydrochloride, mp 317°C (dec). 
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EXAMPLE 419 

3A^trrydro-1Mbenzcfurazarh5-met^^ 
dine>4-one hydrochloride 

5 3,4-Dihydro-6HnethanesuIfbnamido^ hydrochloride was 

alkylated with 5KmethanesulfbnyIoxymetrryl)benzofurazan according to the method described In Example 86, 

Step B to give the hydrochloride as a white solid, rap. >285°C. 

Anal. CalCd. for C^r^Ctr^OsSO.SaHaO : 

C, 52.01 ;H. 4.92 ; N, 11.55. 
10 Found :C, 52.09 ; H, 4.94 ; N, 11.35. 

EXAMPLE 420 



Preparation of Alcohols. 

1S 

(±M-Acetyl-2 t 3-dihydro-a-methyH H-lndole-5-methanol 

1^r^-2,3^ihydro-1H-indole(16.1 g,0.1 mol) in 1^ichloroethane(61)rrt)wasaddedo^pwlsetoref- 
luxlng mixture of acetyl chloride (21 .33 ml, 23.55 g f 0.3 mol) and aluminum chloride (40.0 g, 0.3 mol) in 1 ,2-di- 
chloroethane (40 ml). The mixture was heated under reflux for 2 hours, cooled and poured onto crushed ice (1 

20 Kg). The mixture was extracted with dichloromethane (3 x 500 ml) and the combined organic fractions were 
dried (N^SO*) and evaporated under reduced pressure. Ethanol (400 ml) was added and the mixture was 
cooled in a water bath. Sodium borohydride (7.57 g, 0.2 mol) was added and the mixture was stirred for 1 hour. 
Water (100 ml) was added and the ethanol was evaporated under reduced pressure. Water (500 ml) was added 
and the mixture was extracted with dichloromethane (3 x 500 ml) and the combined organic fractions were dried 

25 (Na2S0 4 ) and evaporated under reduced pressure. The residue was recrystallized from ethyl acetate to give 
the alcohol as an off-white solid (18.43 g, 90%). 

'H NMR (CDCI 3 ) : S 8.14 (1H, d ( J=&2 Hz), 7.23 (1H, s) f 7.16 (1H f d. J=8^ Hz), 4.86 (1 H, brq. J=6.4 Hz), 4.08 
(2H, t J 8.4 Hz), 3.19 (2H, t, J=8.4 Hz), 2^2 (3H, s), 1.9 (1H, br s), 148 (3H f d, J=64 Hz). 

30 1 -Acetyl-2.3Hlihydro-6-ethenyH H-indole 

1rAcetyt-2,3-dihydro<^eth^^ (10.25 g, 50 mmol) and p-toluenesulfonic acid (mono- 

hydrate, 190 mg, 1 mmol) in toluene (250 ml) were heated under reflux with azeotropto removal of water tor 20 
min. The mixture was cooled, diluted with ethyl acetate (1000 ml), washed with aqueous sodium hydrogen car- 
35 bonate (saturated, 500 ml) and brine (400 ml), dried (Na2S0 4 ) and evaporated under reduced pressure. The 
residue was purified by flash column chromatography on silica gel, eluting with ethyl acetate, to give the indole 
as a white solid (6.55 g, 70%). 

iH NMR (CDCI3) : 5 8.14 (1H, d, J=8.3 Hz). 7.24 (2H, m), 6.66 (1H, dd, J=17.6, 11.0 Hz), 5.65 (1H, d t J 17.6 
Hz), 5.15 (1H. d, J=11.0 Hz), 4.66 (2H, t, J=8.4 Hz), 3.19 (2H, t, J=8.4 Hz), 232 (3H f s). 

40 

1-Acetyl-2.3-dihydro-1 H-indole-5-ethanol 

Borane-tetrahydrofuran complex (1.0M in THF, 20 ml, 20 mmd) was added dropwise to an ice cooled sol- 
utfon of 1^cetyi-2,3^ihydro-5-ethenyVlH-indoIe (5.61 g, 30 mmol) in THF (150 ml). The mixture was stirred 

45 at 0°C for 30 minute then at room temperature for 1 hr. Trimethyiarrane N-oxide dihydrate (8.88 g, 80 mmol) 
was added and the mixture was heated under reflux for 3 hr, cooled and poured Into water (400 ml) and aqueous 
HCI (6N, 10 ml). The mixture was extracted with dichloromethane (3 x 400 ml) and the combined organic frac- 
tions were dried (Na^SOJ and evaporated under reduced pressure. The residue was purified by flash column 
chromatography on silica gel, eluting with ethyl acetate, to give the alcohol as a white solid (3.41 g, 55%). 

SO 1 H NMR (CDCI3) : 6 8.13 (1H, d, J=8.7 Hz), 7.06 (2H, m). 4.04 (2H, t, J=8.4 Hz). 3.63 (2H, t, J=6.5 Hz), 3,18 
(2H, t, J=8.4 Hz), 2.82 (2H, t, J=6.5 Hz), 221 (3H, s), 1.61 (1H, brs). 

EXAMPLE 421 



55 Preparation of Methanesulfonates 

The foil wing methanesulfonates were synthesized from the corresponding alcohols by the method des- 
cribed in Example 89, Step C : 
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[2-(Methanesuifbnyloxy)ethyf}cyc!ohexane ; 

'H NMR (COaa) : 6 4.27 (2H, t, J=6.8 Hz), 3.01 (3H, s), and 1.8-0.8 (13H, m). 

2- {2-<Methan8suHbnylaxy)ethy(]thi phene; 

*H NMR (CDCI3) : 8 7.20 (1H, d, J=5.1 Hz), 6.97 (1H, dd, J=5.1, 3.4 Hz), 6.92 (1H, d, J=3.4 Hz), 4.42 
5 (2H, t, J=6.7 Hz), 3^8(2H,t J=6.7 Hz), 2.93 (3H, s). 

3- [2-(Methanesutfonylaxy)8thyl]thiophene ; 

1H NMR (CDCW : 8 7.31 (1H, dd, J=4.9, 3.0 Hz), 7.10 <1H, br s), 6.99 (1H, dd, J=4.9, 1.2 Hz), 4.42 (2H, 
t, J=6.7 Hz), 3.10 (2H, t, J=6.7 Hz), 2.89 (3H, s). 
1^^Methanesutf6nylaxy)ethyl}-2-im!dazolidinone ; 
10 iH NMR (CDCW : 8 4.8 (1H, br s), 4.36 (2H, t, J=5.1 Hz), 3.59-3.45 (6H, m), 3.05 (3H, s). 

2- [2-<Methanesulfonyloxy)ettiyf]furan ; 

'H NMR (CDCI3) : 6 7.35 (1H, d, J=1.8 Hz), 6.32 (1H, dd, J=3.0, 1.8 Hz), 6.16 (1H, d, J=3.0 Hz), 4.46 
(2H. t, J=6.6 Hz), 3.10 (2H, t, J=6.6 Hz), 2.92 (3H, s\ 

3- {2-(MethanesulfonylQxy)ethylIfuran ; 

15 m NMR (CDCIa) : 8 7.39 (1H, s) f 7.33 (1H, s), 6.33 (1H, 3), 4.32 (2H, t, J=6.7 Hz), 2.96 (3H, s), 2.90 

(2H,t,J=6.7Hz). 

2,3^ihydro-5^^methanesuIfbnyiQxy)eth^ ; 

*H NMR (CDCIa) : 8 7.06 (1H, s), 6.95 (1H, d, J=8.1 Hz), 6.72 (1H f d, J 8.1 Hz), 4.56 (2H, t, J=8.7 Hz), 
4.36 (2H, t, J=7.0 Hz), 3.19 (2H, t, J=8.7 Hz), 2£8 (2H t, J=7.0 Hz), 2.88 (3H, s). 
20 1 -Acetyl-2,3Kiihyclro-5-[2-{iTO ; 

iH NMR (CDCy : 8 &14 (1H, d, J=&8 Hz), 7.06 (2H, m), 4.38 (2H, t, J 6.8 Hz), 4.06 (2H, t, J=8.5 Hz), 
3.19 (2H, t, J=8.5 Hz) f 3.00 (2H, t, J=6^ Hz), 2^8 (3H, s), 2.22 (3H, s). 
4^-(Mettianesulfbnyloxy)8thyqbenzonitrDe ; 

*H NMR (CDCIa) : 8 7.64 (2H, d, J=8.3 Hz), 7.37 (2H, d, J=8.3 Hz), 4.45 (2H, t, J=6.6 Hz), 3.13 (2H f t, 
25 J=6.6Hz),2.92(3H,s). 

EXAMPLE 422 



Preparation of Alcohols 

30 

1-Methanesuifonyloxy-6-niethyih8ptarh6-ol 

Methylmagnesrum chloride (2.8 M In THF, 21 ml, 60 mmol) was added dropwise to an ice-cooled solution 
of 2-oxepanone (2J22 ml, 2^8 g, 20 mmol) En THF (20 ml). The mixture was stirred for 1 hour, then water (100 

35 ml) was added dropwise. The pH was adjusted to 7 with aqueous HCI (3N) and the mixture was extracted with 
ethyl acetate (3 x 1 00 ml). The combined organic fractions were dried (Na^0 4 ) and evaporated under reduced 
pressure. Dichloromethane (20 ml) and pyridine (3.24 ml, 3.16 g, 40 mmol) were added and the mixture was 
cooled in ice. Methanesulfonyl chloride (1.55 ml, 2.29 g, 20 mmol) was added dropwise and the mixture was 
stirred at room temperature for 3 hours. Dichloromethane (50 ml) was added and the mature was washed with 

40 aqueous HCI (2M, 50 ml) and aqueous sodium hydrogen carbonate (saturated, 50 ml), dried (Na 2 S0 4 ) and 
evaporated under reduced pressure to give the alcohol as a pale yellow oil (4.38 g, 98%). 
'H NMR (CDCI3) : 6 4.24 (2H, t, J 6.6 Hz), 3.01 (3H, s), 1.85-1.40 (9H, m), 1.22 (6H, s). 

(+A>1-Methanesulfbnyloyheptan-6-ol 

45 

(+/-)-Heptan-1 f 6Kliol (1.06 g, 8 mmol) and pyridine (1.36 ml, 1.33 g, 16.8 mmd) were dissolved in 
dichloromethane (20 ml) and the mixture was cooled in ice. Methanesulfonyl chloride (0.65 ml, 0.96 g, 8.4 mmol) 
was added dropwise and the mixture was stirred at room temperature for 18 hours. Dichloromethane (50 mi) 
was added and the mixture was washed with aqueous HCI (1M, 50 ml) and brine (30 ml), dried (NsfeSOJ and 
so evaporated under reduced pressure. The residue was purified by flash column chromatography on silica gel, 
eluting with EtOAc/20% hexane, to give the alcohol as an on (1.01 g, 60%). 

1 H NMR (CDCy : 6 4.24 (2H, t, J 6.6 Hz), 3.80 (1H, m), 3.01 (3H ( s), 1.77-1.22 (9H, m), 1.20 (3H, d, J=1.1 Hz). 
EXAMPLE 423 

55 

Preparation of 1-Substituted-4-Piperidinone8 



The following compounds were synthesized by alkylation of 1 t 4-dloxa-8-azaspiro[4.5]decana with the 
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appropriate methanesutfbnate or bromide according to the method described for the synthesis of 8-P-(nitro- 
phenyl)ethy0-1 .4-dioxa-8-azaspirof4.51 decane (Example 339 [CI], Step 3), followed by total hydrolysis accord- 
ing to th method described for the synthesis of 1^benzofurazan-5-^^ n {Example 339 

pa step n 

5 l^-(Thiophenr2-yl)ethyiH-piperidlnone ; 

1 H NMR (CDCW : 6 7.15 (1H. d. J=5.1 Hz), 6.94 (1H, dd, J=5.1, 3.4 Hz), 6.85 (1H f d, J=3.4 Hz). 3.06 
(2H, t, J=7.5 Hz), 2.83 (6H. m), 2.49 (4H, t, J=&1 Hz). 
1^KThiopherh3-yi)ethyll-4-plperidinone ; 

iH NMR (CDCIa) : 8 7.27 (1H, m), 7.02 (1H. br s) t 6.98 (1H. d. J=4.9 Hz). 2^1-2.72 (8H, m). 2.48 (4H f t 

10 J 6.1 Hz). 

1 ^44-Cyanophenyl)ethyO-^piperidinone ; 

iH NMR (CDCIa) : 8 7.60 (2H, d, J=8.2 Hz), 7.34 (2H, d. J=^2 Hz), 2.92-2.71 (8H, m) f 2-47 (4H, t J=6.2 
Hz). 

1 -n-HexyW-piperidinone ; ^ nv 
1H NMR (CDQa) : 6 2.74 (4H, t. J=6.0 Hz), 2.46 (6H, m), 1.70-1.31 (8H, m) r 0.90 (3H, t, J=6.6 Hz). 
1-n-HeptyW-piperidinone ; 

iH NMR (CDCU : 8 2.75 (4H, t, J=6.1 Hz). 2.47 (6H, m), 1.55-1.26 (10H, m), 0.89 (3H, t J=6.7 Hz). 
8-f2>Oxo-2-(4-cyanophenyi)ethvfV1 Adfaxa-8-azaspiro |4.5Idecane 

Suifuryi chloride (3.53 ml, 5.94 g. 44 mmol) was added dropwise to a solution of 4-acetytbenzonitrile (5.81 
g, 40 mmol) in chloroform (40 mi). The mixture was stirred for 24 hairs, diluted with chloroform (40 ml), washed 
with water (40 ml) and aqueous sodium hydrogen caifconate (saturated, 40 ml), dried (NajSO*) and evaporated 
under reduced pressure. The residue was dissolved In acetonitrile (40 ml), potassium carbonate (11.06 g, 80 
mmol) and 1,4 dioxa-8<saspiro[4.51decane (5.13 ml, 5.73 g. 40 mmol) were added. The mixture was stirred 
for 2.5 hours then aqueous HCJ (2N, 120 mi) was added. The mixture was washed with ethyl acetate (2x50 
ml), aqueous sodium hydroxide (20%, 80 ml) was added and the mixture was extracted with ethyl acetate (3 
x 100 ml. The combined organic extracts were dried (Na^O^ and evaporated under reduced pressure. The 
residue was purified by flash column chromatography on silica gel, elutlng with CHjClj/MeOH/NH^Aq.) ; 98 : 
2 : 0.2 to give the spirodecane as a yellow solid (3.24 g, 28%). 

iH NMR (CDCfe) : 8 8.14 (2H, d. J=8.3 Hz), 7.76 (2H. d, J=8.3 Hz), 3.96 (4H ( s), 3.80 (2H. s), 2.67 (4H, t, J=5.6 
30 Hz), 1 .79 (4H, t, J=5.6 Hz). 

1^^xo-2^4^nophenyl)ethvlM^peridinone 

8-[2-Oxo-2-(4-cyanopherTyl)ethyll-1 ,4^ioxa-8-azaspiro[4.5]decane (300 mg, 1 .05 mmol) was dissolved in 
35 aqueous HCI (1 N, 10 ml) and the mixture was heated under reflux for 30 minutes. The mixture was cooled, 
aqueous sodium hydroxide (20%. 5 ml) was added and the mixture was extracted with ethyl acetate (3 x 10 
mi). The combined organic fractions were dried (NaaSCW and evaporated under reduced pressure to give the 
piperidinone as a yellow solid (157 mg, 62%). _ tAtt a _ . u . ^ „ 

1H NMR (CDCW : 8 8.12 (2H, d. J=8.3 Hz). 7.80 (2H. d, J=8.3 Hz), 3.96 (2H, s), 2.93 (4H. t, J=6.1 Hz). 2.53 

40 (4H, t, J=6.1 Hz). 

1 ^Hydroxy-2-(4^cyanophenyl)ethyl}4-piperidinone 

Sodium borohydride (76 mg, 2 mmol) was added to an ice cooled solution of 8^-oxo-2-(4cyanophenyl) 
ethyO-1 ,4-dioxa-8-azaspiro[4.5Jdecane (300 mg, 1 .05 mmol) in ethanol (5 ml). The mixture was stirred at room 
temperature for 16 hours and the solvent was evaporated under reduced pressure. Water (5 ml) and aqueous 
sodium hydrogen carbonate (saturated, 1 0 ml) were added and the mixture was extracted with dicWoromethane 
(3 x 10 ml). The combined organic fractions were dried (Na^O,) and evaporated under reduced pressure. 
Aqueous HCI (1N. 10 ml) was added and the mixture was heated under reflux for 30 minutes. The mixture was 
cooled, aqueous sodium hydroxide (20%, 5 ml) was added and the mixture was extracted with ethyl acetate 
(3x10 ml). The combined organic fractions were dried (Na^ and evaporated under reduced pressure to 
give the piperidinone as a yellow gum (153 mg, 60%). *«-,t+u ^ 

?H NMR (CDCIa) : 8 7.66 (2H, d. J=8.3 Hz), 7.52 (2H, d. J=8.3 Hz), 4.83 (1H, dd, J=10.5, 3.5 Hz). 3.97 (1H, br 
s), 3.06 (2H. m), 2.81 (2H, m). 2.70 (1H. dd J*12.6, 3.5 Hz), 2M (5H. t, J=6.1 Hz). 

EXAMPLE 424 

3.4^ihydro~1'^2.3^ihydro~im 
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piperidin H-one dihydrochioride 

1'^1-Acetyi-2,«ihydro-1H4ndoJ-5^ 
an-2,4'-piperidlne}-4-one (1.96 g, 3.9 mmol) was dissolved in ethanol (40 m!) and aqueous HCI (6N, 40 ml). 
The mixture was heated under reflux for 2 hours, cooled and the ethanol was evaporated under reduced press- 

5 ure. Water (1 00 ml) was added and the pH was adjusted to 8 with aqueous sodium hydroxide (20%). The mixture 
was extracted with dichtoromethane and the combined organic fractions were dried (IM82SO4) and evaporated 
underreduced pressure to give the crude pyranone as a tan solid (1.85 g). A sample (200 mg) was purged by 
flash column chromatography on s3tca gel, eluting with CHjClaMeOH/NH^Aq.) (96 : 4 : 0.4) to give a pale yel- 
low foam which was dissolved in ethanol (5 ml) and treated with ethanolic HCI (6N, 0.5 ml). The mixture was 

10 stirred for 1 hour, cooled and the precipitate was collected and dried in vacuo to give the dihydrochloride as a 
white solid (157 mg, 70%), m.p. 250-252°C. 
^31031^^0^10^30430.33^: 
C, 53.93 ; H, 5.97 ; N, 7.86. 
Found : C, 53.93 ; H f 5.77 ; N, 7.92. 

15 

EXAMPLE 425 



3,4-Dihydro-1 '-{2-(2,3-dihydro-1-methanesulfonamido-1 mndol-5-y0ethyll-64nethanesiiif6namido^spl- 
ro[(2H)-ben2opyran-2 > 4 , -plperidineH-one hydrochloride 

20 Methanesulfonyl chloride (55 mg, 0.48 mmol) was added to a suspension of 3,4-dihydro-l '-I2-(2,3-dIhyd- 
ro-1H-indol-5-yl)ethyl}^ett^ (crude, 84% pure, 

217 mg, 0.4 mmol) in pyridine (5 ml). The mixture was stirred for 22 hours, then the solvent was evaporated 
underreduced pressure. Aqueous sodium hydrogen carbonate (saturated, 20 ml) and water (5 ml) were added 
and the mixture was extracted with dichtoromethane (3 x 25 ml). The combined organic fractions were dried 

25 (Na2S0 4 ) and evaporated under reduced pressure. The residue was purified by flash column chromatography 
on silica gel, eluting with OH2CI2 /MeOH/NH^Aq.) (96 : 4 : 0.4) to give a yellow glass which was suspended in 
ethanol (5 ml) and treated with ethanolic Ha (6N, 0.5 ml). The mixture was stirred for 1 hr, cooled and the pre- 
cipitate was collected and dried in vacuo to give the hydrochloride as a white solid (91 mg, 40%), m.p. > 285°C. 
Anal. CalCd. for QzsHaCINaOfeSj : 

30 C, 52.67 ; H, 5.66 ; N, 737. 

Found : C t 53.00 ; H, 5.71 ; N, 7.30. 

EXAMPLE 426 1 



35 3.4-Dihydro-1 42-(1 H-lndo^yOethyB^ethaiie^ 
one hydrochloride 

DMSO (0.32 g, 0.36 g, 4.6 mmol) in dlchloromethane (5 ml) was added dropwise to a cooled (-60°C) solution 
of oxalyl chloride (0.20 ml, 0.29 g, 23 mmol) in dichloromethane (5 ml). The mixture was stirred at -60°C for 3 
minutes, then 3,4-dihydro-l '-£-(2, 3-dihydro-1 H^ndol^yl)e%Il-6-methanesdfonamW^ 

40 zopyran-2,4'-piperidineH-one (crude, 84% pure, 1.03 g, 1.9 mmol) in DMSO (5 ml) was added. The mixture 
was stirred at -60°C for 10 minutes, then triethyl amine (5 ml) was added and the mixture was allowed to warm 
to room temperature. The mixture was poured into aqueous sodium hydrogen carbonate (saturated, 100 ml) 
and the mixture was extracted with dichloromethane (3 x 100 ml). The combined organic fractions were dried 
(Na2S0 4 ) and evaporated under reduced pressure. The residue was purified by repeated flash column 

45 chromatography on silica gel, eluting with CHjaa/MeOH/NHatAq.) (96 : 4 : 0.4) to give a blue foam which was 
dissolved in ethanol (5 ml) and treated with ethanolic Ha (6N, 0.5 ml). The mixture was stirred for 1 hour, cooled 
and the precipitate was collected, washed with hot ethanol and dried in vacuo, to give the hydrochloride as a 
white solid (232 mg, 25%), m.p. 260-262°C (dec.) 
Anal. CaJCd. for C w H 28 aN3O 4 S-0.75H2O : 

so C, 57.25 ; H. 5.90 ; N, 8.34. 

Found : C, 57.34 ; H, 5.68 ; N, 8.30. 

EXAMPLE 427 

55 3,4-Oihydro-1'-g^enzofuraz^^ 
zopyran-2 t 4 , -piperidine] hydrochloride 

3,4~Dihydro-1 42-(benzofurazarv^y0ethyf]-6^ -benzopyran-2,4'piperid 
in H-one [prepared as described in Example 94, Step B] 0.137 g, 0.3 mmol) was dissolved in DMF (2 ml) and 
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pyridine (1 ml) and methoxyiamine hydrochloride (28 mg, 033 mmol) wefB added. The mixture was stirred for 
1 7 hours, then further methoxylamfn hydrochloride (1 12 mg) was added and the mixture was stirred at 50°C 
for 3 hours. Further methoxyiamine hydrochloride (1 00 mg) was added and th mixture was stirred at 50°C for 
3 hours. The mixture was coded, the solvent was evaporated under reduced pressure, aqueous sodium hyd- 

5 rogen carbonate (Saturated, 20 ml) was added and the mixture was extracted with dchloromethane (3 x 20 
ml). The combined organic fractions were dried (NajSO^ and evaporated under reduced pressure. The residue 
was purified by flash column chromatography on silica gel, ehiting with Cr^a^MeOH/N^Aq.) (98 : 2 : 0.2 
then 94 : 6 : 0.6) to give the isomeric oximes as colorless gums ; higher running fraction : 100 mg, 68% ; lower 
running fraction : 46 mg, 32%. The higher running fraction was dissolved in ethyl acetate and ethanolic HQ 

10 was added. The precipitate was collected and dried in vacuo to give the hydrochloride as a white solid (83 mg), 
rap. 24*-250°C. 

Anal. CalCd. for CaHzaaNUOsS-O^ HaO : 
C, 52.20 ;H, 5.49 ; N, 13.23. 
Found : C, 52.13 ; H, 5.42 ; N, 12.99. 

15 

EXAMPLE 428 

3,44)ihydro^ethanesulfonam^ 
piperidine] 

20 In the manner of Example 427, 3,4^ihydro-6-methane-suifortamido--1 '-{2-phenyletrtyf>spiro [(2H>ben- 

zopyran-2,4'-piperidineH-one was treated with hydroxylamine hydrochloride to give, after chromatography, 

the piperidine as a solid, rap. 95-99°C. 

Anal. CalCd for C^^O^-eCHOs : 

C. 54.16 ; H, 5.55 ; N. 8.39. 
25 Found : C t 54.37 ; H, 5.49 ; N, 8.48. 

EXAMPLE 429 



(^)-3,4^ihydro-1'42^benzofuj^ 

30 piperidineH-ol hydrochloride 

Sodium borohydride (7.5 mg, 0.2 mmol) was added to a stirred suspension of 3,4-dihydro-1 '-[2-<ben- 
zofurazarH5-yl)etoyl}-6^ethanesuI^ [prepared as 

described in Example 94, Step B] (45.6 mg, 0.1 mmol) in ethanol (2 ml). The mixture was stirred for 16 hours, 
then poured into aqueous sodium hydrogen carbonate (saturated, 10 ml) and extracted with dlchloromethane 

35 (3 x 1 0 ml). The combined organic fractions were dried (NajSO^ and evaporated under reduced pressure to 
give a paie yellow oil. The residue was dissolved in ethyl acetate (2 ml) and ethanolic HQ (6N, 0.5 ml) was 
added. The mixture was cooled and the precipitate collected and dried in vacuo to give the hydrochloride as a 
white solid (32 mg, 65%), rap. = 242-244°C. 
Anal. CalCd. for C22H27CIN4O5S : 

40 C, 53.38 ;H, 5.50; N, 11.32. 

Found : C f 53.05 ; H, 5.51 ; N, 11.09. 

EXAMPLE 430 

4$ 1 42KBenzofurazan-5-yl)ethyl}-6^ hyd- 
rochloride 

Sodium borohydride (23 mg, 0.6 mmol) was added to a stirred suspension of 3,4-dihydro-1 , -{2-<ben- 
zofurazan-5-yl)ethyi]-6™ [prepared as 

described by Example 94, Step B] (137 mg, 0.3 mmol) in ethanol (3 ml). The mixture was stirred for 20 hours, 

so then poured into aqueous sodium hydrogen carbonate (saturated, 20 ml) and extracted with dichloromethane 
(3 x 20 ml). The combined organic fractions were dried (NajSO «) and evaporated under reduced pressure, p- 
Toluenesulfonlc acid (monohydrate, 86 mg, 0.45 mmol) and toluene were added and the mixture was heated 
und r reflux f r 30 minutes, cooled and poured Into aqueous sodium hydrogen carbonate (saturated, 20 ml). 
The mixture was extracted with dichloromethan (3 x 20 ml) and the combined organic fractions were dried 

55 (NajSO^ and evaporated under reduced pressure to give a foam (123 mg, 93%). The residue was dissolved 
in ethanol (5 ml) and thanolic HCI (6N, 0.5 rrd) was added. Th mixture was stirred for 1 hour, cooled andth 
precipitate coll cted and dried in vacuo to giv the hydrochlorid as a white solid (108 mg. 75%), rap. 271- 
273°C (dec.). 
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AnaL CalCd. for 022^1250^04^^^20 : 
C f 54.88 ;H, 5.34 ;N f 11.64. 
Found : C, 54.98 ; H t 5.26 ; N, 11.73. 

5 EXAMPLE 431 



6-Amino^A4ihydro-1'^^benzo^ 

1 42-<Be f g ofura^ ar^5-yl)ethylh4-ptpertdlnone (0.98 g, 4 mmol), N^3^cetyW^ydroxyph8nyi)-acetamide 
(0.77 g f 4 mmoQ and pyrrolidine (0.33 ml, 0.28 g, 4 mmol) in methanol (20 ml) were heated under reflux for 3 

10 hours, cooled and the solvent was evaporated under reduced pressure. Water (50 ml) and aqueous sodium 
hydroxide (20%, 10 ml) were added and the mixture was extracted with ethyl acetate (3x50 ml). The combined 
organic fractions were dried (Na^O^ and evaporated under reduced pressure to give a yellow solid. Ethanol 
(40 ml) and aqueous HCI (6N, 40 ml) were added and the mixture was heated under reflux for 2 hours. The 
mixture was cooled and the ethanol was evaporated under reduced pressure. Water (40 ml) was added and 

15 the mixture was washed with ethyl acetate (50 ml). Aqueous sodium hydroxide (20%, 60 ml) was added slowly, 
with stirring and cooling, and the mixture was extracted with dichloromethane (3 x 100 ml). The combined 
organic fractions were dried (Na^O,*) and evaporated under reduced pressure. The residue was triturated with 
ethyl acetate-hexane (1 : 1, 20 ml) and the solid was collected and dried in vacuo to give a yellow solid (1.17 
g, 77%). A sample was recrystallized from chlorofbmvhexane to give the pyranone as a yellow solid, m.p. 191- 

20 193°C. 

AnaL CalCd. for C^r^N^-O^SHaO : 
C, 64.35 ; H, 6.04 ; N, 14.29. 
Found : C, 64.35 ; H, 5.75 ; N, 14.29. 

25 EXAMPLE 432 



Ethyl [(3,4-olhydro-1^C-(benzofurazan^ 
yl)amino}surfbnyl acetate hydrochloride 

Ethyl chlorosulfonylacetate (140 mg v 0.75 mmd) in DMF (1 ml) was added dropwtee to a stirred solution 

30 of 6-amino^4-dihydro-142^benzo^ (189 
mg, 0.5 mmol) and pyridine (40 mg, 3 mmol) in DMF (5 ml). The mixture was stirred for 4 hours, then additional 
ethyl chlorosulfonytacetate (46 mg, 0.25 mmol) was added. The mixture was stirred for 1 hour, poured Into 
aqueous sodium hydrogen carbonate (saturated, 25 ml) and extracted with dichloromethane (3 x 25 ml). The 
combined organic fractions were dried (N^SO^ and evaporated under reduced pressure. The residue was 

35 purified by flash column chromatography on silica gel, eluting with Cr^Cla/MeOH/N H3(Aq.) (97 : 3 : 0.3) to give 
a yellow foam which was dissolved in ethyl acetate (2 ml) and treated with ethanolic HCI (6N, 0.5 mi). The mixt- 
ure was stirred for 1 hour, cooled and the solid was collected and dried In vacuo to give the hydrochloride as 
a white solid (171 mg ( 61%), rap. 250-251°C. 
Anal. CalCd. for C^H^CIISUOtS : 

40 C, 53.14 ; H, 5.17 ; N, 9.92. 

Found : C, 53.00 ; H f 5.39 ; N, 9.86. 

EXAMPLE 433 



45 [{3,4-Dirtydro-1M2Kpergofu^ 
sultbnyl acetic acid 

Aqueous lithium hydroxide (1M, 0.55 ml) was added to a stirred suspension of ethyl [{3,4-^hydro-1'-p- 
(benzclurazan^)ethylH^xo-sp^ [(2H)-1-bercopyran-2 l 4 f -piperidine}-6-yI}amino] sutfonyl acetate (264 
mg, 0.5 mmol) in methanol-water(1 :1, 20 ml) and the mixture was stirred tor 2 hours. Further aqueous lithium 
so hydroxide (1 M, 1 AS ml) was added and the mixture was stirred for 24 hours. The solvent was evaporated under 
reduced pressure, water (1 0 ml) was added and the pH was adjusted to 1 .5 with aqueous HCI (3M). The mixture 
was cooled and th solid was collected and dried in vacuo to give th a id as a white solid (198 mg, 79%), 
rrup. = 187-189°C. 

Anal. CalCd. for CaH^NUOrSO.e h^O ; 
55 C, 54.03 ; H, 4.97 ; N, 1 0.96. 

Found : C, 53.97 ; H, 4.92 ; N, 10.83. 

EXAMPLE 434 
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1^ergoy!^,4^ihydro-6-methox^ 

Pyrrolidine (8.35 ml. 7.1 1 g, 0.1 mo!) was added to a suspension of 2Miydro*y^Hrcethoxyacetoph none 
(16.62 g. 0.1 mo!) In methanol (100 ml). The mixture was stirred for 10 minutes, then 1-benzoyM-piperidone 
(20.32 g, 0.1 mo!) was added and the mixture was heated under reflux for 7 hr. The mixture was cooled and 
5 the solvent was evaporated under reduced pressure. Water (400 ml) was added and the mixture was extracted 
with ethyl acetate (3 x 400 ml). The combined organic fractions were evaporated under reduced pressure and 
the residue was recrystallized from methanol to give the ketone as a pale yellow solid (29.54 g, 84%). 
1H NMR (CDCW : 6 7.41 (5H, s). 7.30 (1H. d, J=3.1 Hz), 7.12 (1H ( dd, J=9.0, 3.1 Hz), 6.94 (1H, d. J=9.0 Hz). 
4.5 (1 H, br s). 3.8 (3H, s), 3.7-3.2 (3H, m), 2.73 <2H, s), 2.3-1 .5 (4H f m). 

10 

EXAMPLE 435 



1 ^Benzoyl^,4^ihydro-6-methanesulfbnamido-spirD [(2HH-benzopyran-2 t 4 f -piperidlne] 

Sodium borohydride (1.13 g, 30 mmol) was added in portions over 5 minutes to a stored, ice cooled sus- 

1$ pension of 1'-benzoyl-3,4-dihydro-6-methanesu^^ 

(prepared as described in Example 70, Method 2, Step C) (621 g, 15 mmol) In ethano! (150 ml). The mixture 
was stirred at room temperature for 22 hours, poured into water (150 mi) and the ethano! was evaporated under 
reduced pressure. The mixture was extracted with dichloromethane (4 x 150 ml) and the combined organicfrac- 
tions were dried (Na^O*) and evaporated under reduced pressure to give a white foam (6.61 g). A sample 

20 (6.41 g) and p-toiuenesulfonic acid (Monohydrate, 100 mg) in toluene (150 mi) were heated under reflux for 1 
hr, cooled and diluted with methylene chloride (600 ml). The mixture was washed with aqueous sodium hyd- 
rogen carbonate (saturated, 1 50 ml), dried (NajSO^ and evaporated under reduced pressure. The residue was 
suspended in ethanol-methano! (1:1, 200 ml), palladium on carbon (5%, 1 g) was added and the mixture was 
stirred under hydrogen (1 Atnx) for 24 hours. The mixture was filtered through ceKte, washing with methanol, 

25 and the filtrate was evaporated under reduced pressure. The residue was redissolved in dichloromethane, fil- 
tered through celite and evaporated under reduced pressure to give the piperidine as a foam (5.44 g, 93%). 
1H NMR (CDCW : $ 7.4 (5H, s), 6.98 (2H, m), 6.83 (1H, d, J 8.4 Hz), 4.5 (1H, br m) ( 3.6-3.2 (3H, m), 2.96 (3H, 
s), 2.8 (2H, m), and 2.0-1.5 (7H, m). 



30 EXAMPLE 436 

1'^en*oyl-3,4-dihydro-6-meft 

Following the procedures as described in Example 435, 1'-berizoyl^,4^ihyQVo-6^ethoxyspiro[(2H)-1- 
benzopyran-2,4'-piperidineH-one was reduced with sodium borohydride, dehydrated with p-toiuenesutfonic 
35 acid and hydrogenated with palladium on carbon (5%) under hydrogen (50 psi) to give the piperidine as afoam 
(54%) 

1H NMR (CDCI3) : 5 7.41 (5H, s). 6.77 (1H. d), 6.69 (1H, dd), 6.61 (1H, d), 4.4 (1H, br s), 3.75 (3H, s), 3.6 (1H, 
br s), 3.40 (2H. m), 2.78 (2H. m). 1.82 (4H, m). 1.60 (2H, m). 

40 EXAMPLE 437 

3 f 4-Dihydro-6-methajiesuifon^ hydrochloride 
V-Benzoyl-3,4-dmydro-6-meth^ ( 5M 9. 136 

mmol) was dissolved in methanol (70 mi) and aqueous HC! (6N, 105 mi) was added. The mixture was heated 
under reflux for 24 hr, then the volume was reduced to 50 ml by distillation. Ethano! (200 ml) was added and 
the volume was reduced to 50 mi. Further ethand (200 rrt) was added, the volume was reduced to 100 ml and 
the mixture was cooled. The precipitate was collected and dried in vacuo to give the hydrochloride as a white 
solid (3.77 g, 83%). A sample was recrystallized from ethanol to give the hydrochloride as a white solid, m.p. 
_ 232 285°C (dec) 

^H NMR (DMSO) : 8 9.35 (1H. s), 9.1 (2H, br s), 6.95 (2H, m), 6.79 (1H. d, J 9.5 Hz), 3.17-2.90 (4H, m). 2.88 
(3H. s), Z72 (2H, m), and 1.84 (6H. m). 
Anal. CalCd. for C 14 H 2 iCIN 2 0 3 S : 
C. 50.52 ;H, 6.36 ; N, 8.42. 
Found : C. 50.69 ; H, 6.24 ; N, 8.40. 
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EXAMPLE 438 

3>M)lhYdro-6-methoxy-spiror(2H^ 
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1'-Benzoyl^/Mihydro-6^^ (&23 g, 15^ mmol) was dis- 

solved in methanol (80 ml) and aqueous Ha (6N, 120 ml) was added. The mixture was heated under reflux 
for 24 hours, then the volume was reduced to 50 ml by distillation. Ethanol (200 ml) was added and the volume 
was reduced to 50 ml. Further ethanol (200 ml) was added, the volume was reduced to 100 ml and the mixture 
was cooled. The mixture was filtered and evaporated under reduced pressure and the residue was crystallized 
from ethanol-ether to give, in two crops, the hydrochloride as a white solid (1.29 g, 31%), m.p. = 240-242°C. 
AnaL CalCd. for CuHaCtNOrO^HzO : 
C, 61.10 ; H, 7.55 ; N, 5.09. 
Found : C, 61.04 ; H, 722 ; N, 4.91. 

The compounds of Table XXIX were prepared from 3 f 4^ihydro-6-methanesulfbnamldo^lro[(2H)-1-ben- 
zopyran-2,4'-piperidine] hydrochloride by the method described In Example 92, Step B, using the appropriate 
mesylate or bromide as indicated. 
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LG salt npC°C) 

Br -HO. 269-271 (dec) 

•0. 5EtOH 

Br »HC1 264-266(dec) 



jteSO, 269-271Cdec) 
•0. 5EtOH 



IfeSQs -HC1 242-244 

MaSOa -HC1 273-275Cdec) 
Br -HC1 267-269(dec) 



lfeS03 -HC1 272-274(dec) 



frfeSOg 



•HZl 281 -283Cdec) 

•HC1 230-232 



The compounds of Table XXX were prepared from 3,4^ihydro-6-methQxy-sp(ro[(2H>1-benzopyrarv2,4'- 
piperidine] hydrochloride by the method described in Example 92, Step B, using the appropriate mesylate or 
40 bromide as indicated. 
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Exarrple (^(R 3 ). LG s_alt "pC°C) 



>^vsN, Br -HC1 



245-247 



•HC1 

449 — ^ *°- 25H 2° 



450 



451 



EXAMPLE 456 



262-263 
Br «HC1 229-230 



/ — . »HCl 

(OV -011 lfeS ° 3 *°- 35i ^° 243-245 



•HC1 




/7-7\ jfego, • HC1 255-257 

453 ^Jl ^ !feSQ <3 .0. 2H z O 

•HC1 

•0. 05EtOH253-255 
•0. 2H 2 0 




454 <L)> ^SOg 



,HC:L 255-257 
455 — xQa^ 08 '0.5H 2 O 



F 



N-(4-Acetyl-5-hydroxy-2-nitrophenyl)acetamide and N^4-Acetyt-34iydroxy-2-nitrophenyl)acetaniide 
A mixture of N-(4-acetyt-3-hydroxyphenyl)-acetamide (9.66 g, 50 mmol) and acetic anhydride (14.2 rrd, 15 .3 
g, 150 mmol) in dichloromethane (150 ml) was cooled to 5°C and nitric acid (90%, d 1.49, 4.70 ml, 7.00 g, 100 
rnmol) was added dropwise. "me mixture was stirred at room temperature for 1 hour, poured into water (150 
ml) and extracted with dichloromethane (3 x 150 ml). The combined organic fractions were dried (NajSO^ and 
evaporated under reduced pressure and the residue was purified by repeated flash column chromatography 
on silica gel, eluting with hexane/30% ethyl acetate then hexane/50% ethyl acetate. The first Isomer to elute 
was r4-(4-acetyl-5-riydroxy-2-nitropheny0acetamide as a yellow solid (3.87 g, 33%). 
1H NMR (CDCI,) : 8 1Z83 (1H. s). 10.78 (1H, br s). 8.78 (1H. s), 8.43 (1H. 8), 2.68 (3H. e). 2L32 <3H, s). 
The second isomer to elute was hH4^c«ty1^ydroxy-2-nitroph8nyf)acetamld as a yellow solid (0.41 g. 

3%) 

1H NMR (CDCI3) : 8 13.74 (1H, s), 8.94 (1H, br s), 8.09 (1H, d, J 9.1 Hz). 7.88 (1H t d t J 9.1 Hz), 2.66 (3H f 8), 
2.26 (3H,s). 



EXAMPLE 457 
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7-Am!no^Adihydro^fti^ 
hydrochloride 

Pyrrolidine (108 id, 92 mg, 1.3 mmol) was added to N-(4-acety»-5-hydraxy-2«nftrophenv^ (309 
mg, 1.3 mmol) In methanol (2 irt). The mixture was stirod for 10 minutes, then 1-[2-{4-cyanophenyl)ethy0-4- 

5 piperidinone (296 mg, 1.3 mmd) in methanol (2 ml) was added and the mixture was heated under reflux for 8 
hours, cooled and poured into aqueous sodium hydrogen carbonate (saturated, 25 ml). The mixture was ext- 
racted with dichloromethane (3 x 25 ml) and the combined organic fractions were dried (Na^O^ and evapo- 
rated under reduced pressure. The residue was purified by flash column chromatography on silica gel, eluting 
with CH 2 Cl2/MeOH /NHs(Aq.) (97 : 3 : 0.3) to give the pyranone as a yellow solid (300 mg, 57%). A sample (30 

10 mg) was suspended in ethand (1 ml) and treated with ethanolic HCt (6N, 0.2 mi). Ether (5 ml) was added drop- 
wise and the precipitate was collected and dried in vacuo to give the hydrochloride as a yellow solid (1 7 mg), 
rap. 174-177°C (dec). 
Anal. CalCd. far C^H^OKfi^O^HzO : 
C, 58.86 ;H, 5.31 ; N, 12.48. 

1S Found : C. 58.87 ; H, 5^4 ; N. 12.34. 

EXAMPLE 458 



7^ino-3 f 4-dlhydro^nltro-1M2^4-cyanoph 
20 In the manner of Example 457, N-(4-acetyl-3-hydroxy-2-nitropheny1)acetam[de (405 mg, 1.7 mmol), pyr- 
rolidine (142 ml, 121 mg, 1.7 mmol) and 1-[2-(4-cyanophenyl)ethyn-4-piperidinone (388 mg, 1.7 mmol) in 
methanol (2 ml) gave, after chromatography, the title compound as an orange foam, (302 mg, 44%) 
'H NMR (CDCy : 5 7.80 (1H, d, J=8.8 Hz), 7.58 (2H t d t J=8.2 Hz), 7.31 (2H, d t J=&2 Hz), 6.38 (1H, d, J=8.8 
Hz), 5.82 (2H, br s), 2^0-2.60 (10H, m) # 2.13 (2H, m), 1.76 (2H, m). 

25 

EXAMPLE 459 



(±)-7-Amin<>3,4-dlhydro-6-nit^ 
zopyran-2,4'-piperidinel-4-one 
30 In the manner of Example 457, N^4-acetyl-5-hydroxy-2-nitrophenyl)acetamide (643 mg, 2.7 mmol) and (±)- 
H(5,6,7 t 8-tetrahydio-2-napthaienecar^ (687 mg, 2.7 mmol) En methanol (16 ml) 

gave, after chromatography, the title compound as an orange foam, (730 mg, 62%) 

'H NMR (CDCfc) : 8 8.80 (1H, s), 7.38 (2H, m), 7.18 (1H, d, J 9 Hz), 6.42 (2H, brs), 6.30 (1H, s), 3.42 (1H, m), 
3.02-2.78 (6H, m), 2.72 (2H, m), 2.70 (2H, s), 2.08 (2H, m) f and 1.85-1.60 (4H, m). 

35 

EXAMPLE 460 



7-Amino^,4-dmydro-1'-hexyl-6-nit^ 

In the manner of Example 457, N-(4-acetyl-5-hydroxy-2-nitrophenyl)acetamide (1.07 g, 4.5 mmol), pyrroli- 
40 dine (380 ui, 320 mg, 4.5 mmol) and 1-hexyl-4-piperidone (820 mg, 4.5 mmol) in methanol (15 ml) gave, after 
chromatography, the title compound as an orange gum (1.07 g, 66%). 

1H NMR (CDCI3) : 6 8.78 (1H, s), 6.4 (2H, brs), 6.28 (1H, s), 2.68 (2H, s), 2.63 (2H, m), 2.35 (4H, m), 2.00 (2H, 
m), 1.77 (2H f m). 1.50 (2H, m), 1.29 (6H, m), 0.88 (3H, t). 

45 EXAMPLE 461 



7-Amino^,4^ihydro-1Miepty1-6-nitra 

In the manner of Example 457, N-(4-acetyl-5-hydroxy-2-nitrophenyl)aoetamide (1.07 g, 4.5 mmol), pyrroli- 
dine (380 ul, 320 mg, 4.5 mmol) and 1-heptyW-piperidone (890 mg, 4.5 mmol) in methanol (15 ml) gave, after 
so chromatography, the title compound as an orange gum (980 mg, 58%). 

'H NMR (CDCI3) : 5 8.79 (1H, s). 6.4 (2H, brs), 6.28 (1H, s), 2.68 (2H, s), 2.65 (2H, s), 2.35 (4H, m), 2.01 (2H, 
m), 1.77 (2H, m), 1.50 (2H, m), 1.28 (6H, m). 0.88 (3H, t). 

EXAMPLE 462 

55 

6,7-Diamhio^ t 4^ihydro-r^4^anopheny0ethy^ nzopyran-2,4 , -piperidineH-one 
dihydrochloride 

Titanium trichloride (15 wt% solution in 20-30% aqueous HQ, 5 ml) was added dropwise to a solution of 
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7-a^TO-3 ( 4-dmydro^nitro-1 ^4<yanophenyI)ethy!]spiro^^^ (238 
mg, 0.59 mmoO in acetic acid (20 ml). The mixture was stirred for 2 hours, then further titanium chloride (15 
wt%, 2.5 ml) was added. The mixture was stirred for 2 hours, poured into aqueous sodium hydroxide (20%, 80 
mi) and aqueous sodium hydrogen carbonate (saturated, 200 mi) was added. The mixture was extracted with 

s ethyl acetate (3 x 100 ml) and the combined organic fractions were dried (Ha^OJ and evaporated under 
reduced pressure. The residue was purified by flash column chromatography on silica gel, eluting with CH^r 
/MeOH /NHatAq.) (96 : 4 : 0.4) to give the pyranone as an orange foam (1 52 mg, 69%). A sample (30 mg) was 
suspended in ethanol (1 ml) and treated with ethanolic Ha (6M, 02 ml). The mixture was stirred for 1 hour, 
cooled and the precipitate was collected and dried in vacuo to give the ^hydrochloride as a pale yellow solid 

10 (29 mg), m.p. >250°C. 

Anal. CalcU for C^H^CI^Oz : 
C f 58.80 ; H, 5.83 ; N, 12.47. 
Found : C, 58.63 ; H, 5.84 ; N, 12.31. 



15 EXAMPLE 463 



7 t 8^iamino^,4^frydro-1M2^4-cyanophen^ 
In the manner of Example 462, 7^mino^ f 4Kifoydro-8-nitro-1^ 
zopyran-2,4'-piperfdine]-4-one (291 mg, 0.72 mmol) was reduced to give, after chromatography, the title com- 
20 pound as a pale yellow foam (239 mg, 89%). 

*H NMR (CDCU) : 8 7.58 (2H, d, J=8.1 Hz). 7.36 (1H, d, J=S.5 Hz), 7.31 (2H, d, >8.1 Hz), 6.37 (1H, d, J=8.5 
Hz), 4.0 (2H, br s), 3.31 (2H. br s), 2.89-2.42 (10H, m), 2.10 (2H, m), 1.76 (2H, m). 



EXAMPLE 464 



25 

(±)^j-Piamino-3,4-dihydro-1^(5^ 
zopyran-2,4'-piperidlneH-one 

In the manner of Example 462, (±>-7^n(>3,4^ihydro^ni^ 
bonitrile)-6-yl]-spiro[(2H)-1-benzopyran- 2 f 4'.piperidlneH-one (690 mg, 1.6 mmol) was reduced to give, after 
30 chromatography, the pyranone as an orange solid (314 mg, 49%), m.p. = 184-185°C 

1H NMR (CDCIa) : 8 7.37 (2H, m), 7.22 (1H, s), 7.16 (1H, d, J 9 Hz), 6.23 (1H. s). 4.18 (2H. s), 3.10-2.75 (7H, 
m), 2.71 (4H. m), 2.61 (2H, s), 2.10 (2H, m), 1.23 (4H, m). 



EXAMPLE 465 

35 

6J-Diamino-3,4-dihydro-1Miexylspiro[^ 

In the manner of Example 462, 7^ino^,4^ihydio-r-hexyl^nitrosp^ 
dinH-one (1 .05 g, 2.9 mmol) was reduced to give, after chromatography, the title compound as an orange foam 
(640 mg, 87%). 

40 1 H NMR (CDCI 3 ) : 8 7.21 (1H, s), 6.21 (1H, s), 4.15 (2H, brs), 3.04 (2H, br s), 2.62 (2H, m), 2.59 (2H, s), 2.37 
(4H, m), 2.03 (2H, m), 1.70 (2H, m), 1.49 (2H. m), 1.29 (6H, m), 0.88 (3H, t). 

EXAMPLE 466 

45 6,7^iamino^,4^thydro-1'-heptylspiro[(2H>1-benzopyra^ 

In the manner of Example 462, 7^ino-3,4^ihydro-1'-heptyi^it^ 
din]-4-one (975 mg, 2.6 mmol) was reduced to give, after chromatography, the title compound as an orange 

foam (560 mg, 62%). v ^ 

iH NMR (CDCI 3 ) : 6 7.21 (1H, s), 6.21 (1H. s). 4.15 (2H. brs), 3.05 (2H. brs). 2.62 (2H. m), 2.59 (2H, s). 2.35 

so (4H, m), 2.03 (2H, m), 1.71 (2H, m), 1.49 (2H, m), 1.28 (6H, m), 0.88 (3H, Q. 

EXAMPLE 467 

142^4^nopheny0ethyfr7\8'Klihy^ 

ss d ihydrochloride . . OA 

— Trtethyi orthoformate (75 ml, 67 mg, 0.45 mmol) was added to a stirred suspension cf 6,7-dIammo-3 t 4. 

dihydix>-1'^4-cyanopheny0et^ f 56 m 9» 015 """^ 

toluenesidfbnic acid (monohydrate, 1 0 mg) In ethyl acetate (5 ml). The mixture was heated under reflux for 1 
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hour, further triethyl orthofbrmate (75 ml) was added and the mixture was heated under reflux for 1.5 hour. The 
mixture was cooled and aqueous HO (1N, 5 ml) was added. The mixture was stirred for 15 minutes, poured 
into aqueous sodium hydrog n carbonate (saturated, 25 ml) and extracted with dbhloromethane (3 x 25 ml). 
The combined organic fractions were dried (Na2S0 4 ) and evaporated under reduced pressure. The residue was 
purified by column chromatography on silica gel, eluting with CH2Q2/M eOH/NH s(Aq .) (95 : 5 : 0.5) to give a 
yellow solid which was suspended In ethanol (1 ml) and treated with ethanollc Ha (6M, 0.2 ml). The mixture 
was stirred for 1 hour, cooled and the precipitate was collected and dried in vacuo to give the title compound 
as a tan solid (40 mg, 55%), rap. >250°C. 
Anal. CalCd. for C a H 2A a 2 H 4 O Z '0J5 EtOH : 
C, 59.76 ;H, 5.64 ; N, 11.61. 
Found : C, 59.62 ; H, 5.63 ; N, 11.88. 

EXAMPLE 468 

1^2-(4^anophenyl)ethyl}^J'^ihv^^ 
dihydrochlorfde 

In the manner of Example 467, 7,8-diamino-3,4^ihydro-142K4-<^ 
2opyran-2 t 4'-piperidineH-one (1 13 mg, 0.3 mmol) gave, after chromatography and saltfbrmation, the title com- 
pound as a white solid (63 mg, 46%), rap. = 226-229°C. 
Anal. CaicU for O^H^Oj^Oz 
C, 60.14 ; H, 5^7 ; N, 12^0. 
Found : C, 6024 ; H, 5.46 ; N, 1220. 

EXAMPLE 469 

(±)-H(5 t 6,7,8-Tetrahydr^ 
pyrano(2 t 3-f]benzimidazole1dihydrochlorfde 

In the manner of Example 467, (±)-6 t 7-dlamino-3 t 4-dihydro-1 4(5, 6, 7, 8-tetrahydro-2-napthaienecarbonit- 
rf!e)^yi}*pfro[(2H>1^enzopyr^^ (161, mg, 0.4 mmol) gave, after chromatography and 

salt formation, the title compound as a Oght tan solid (92 mg, 47%), rap. 228-230°C. 
Anal Calc'd. for CzsHze^r^QrO^ EtOH : 
C, 61.41 ;H, 5.75 ; N, 11.02. 
Found : C, 61 .32 ; H, 5.99 ; N, 10.94. 

EXAMPLE 470 

7\8'-Pihydro-1-hexy*-8'^xospiro^ 

In the manner of Example 467, 6 f 7Kfiamino^,4^ihydrt>-1M*exylsp 
one (298 mg, 0.90 mmd) gave, after chromatography and salt formation, the title compound as an off-white 
solid (1 72 mg, 46%) mp 234-237°. 
Anal. CalCd for CzqHztNsOz^C! : 
C, 57.97 ; H, 7.05 ; N, 10.14. 
Found : C, 5831 ; H, 7.21 ; N, 10.19. 

EXAMPLE 471 

7\8 / -Dihydro-1-heptyW^ 

In the manner of Example 467, 6,7^iamino^,4^ihydro-1^ 
4-one (275 mg, 0.80 mmol) gave, after chromatography and salt formation, the title compound as an off-white 
solid (151 mg, 44%) mp 248-252°. 
Anal. CalCd for C 21 H29N 3 Q r 2Ha^).75H 2 0 : 
C, 57.07 ;H, 7.41 ; N, 9.51. 
Found : C, 56.96 ; H, 7.14 ; N, 9.43. 

EXAMPLE 472 

142^4^anophenyQethyfr2 f ,3%^ 
imldazol ] hydrochloride 
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Carbonyl dUmidazole (1 22 mg, 0.75 mmol) was added to a solution of6 f 7-diamlno-3 f 4-<lihydio-1 
nopheny1)etrtyr}-spiro[(2HH (1 88 mg, 0.5 mmol) In THF (5 mO and the mixt- 

ure was stirred for 3 hours. The mixture was cooled and th solid was collected and triturated with hot ethane!. 
The solid was suspended in ethand (2 ml) and treated with ethanolic HCI (6N, 0.5 ml). The mixture was stirred 
for 1 hour, cooled and the precipitate was collected and dried In vacuo to give the tffle compound as a white 
solid (1 19 mg, 52%), rap. >285°C. 
Anal. CalCd. for C^H^aNLArr^O 
C, 60.46 ; H, 5.51 ; N, 12.26. 
Found : C, 60.43 ; H, 5.12 ; N, 12.08. 



EXAMPLE 473 

142-(4^M>phenyQetrM}-2\3\^^ 
zimidazole] hydrochloride 

In the manner of Example 472, 7 f B-diamtoo-3,4^riydrD-1'-[2^^^ 
zopyran-2,4'-piperidineH-one (1 13 mg, 0.3 mmol) gave, after column chromatography on sflica gel, elutlng with 
CH 2 aa^leOH/NH 3 (Aq.,) (93 : 7 : 0.7 then 90 : 10 : 1), and salt formation, the title compound as a white solid 
(78 mg, 58%), m.p. » 262-265°C (dec.). 
Anal. CalCd.forCar^CINUOs O^SHjO : 
C, 61.06;H f 5.46 ; N, 1Z38. 
Found : C, 60.99 ; H, 5.60 ; N, 12.07. 



EXAMPLE 474A 

f±VW(5.6.7,8-Tetrahyd^ 
dine-4,6'(1 'H)-pyranoR34]benzirnidazole1 hydrochloride 

In the manner of Example 472, tt^ ( 7^iammo^3 t 4^ihydn>1 4(5,6 ,73^trahydn>2-naptha-lenecarbonit- 
n1e)-6-yt)-spiro[(2H)-1^er^^ (141 mg, 0.35 mmol) gave, after flash column 

chromatography on sflica gel, eluting with Crta^eOH ; 95 : 5, and salt formation, the title compound as an 
off-white solid (98 mg, 60%), rrup. = 248-250°C. 
AnaL CalCd. for CzsH^r^OyO^EtOHO^SH^ : 
C, 62.50 ;H, 5.76 ;N, 11.43. 
Found : C, 62.47 ; H, 5.67 ; N, 11.43. 



EXAMPLE 474B 

1 = Hexy] : 2\3\^^ 

ro ^ln*emannerof Example 457, 6,7-diamino-3,4-d ihydn>1 '-bexytspiro[(2H)-1 ^nzopyran-2,4'-piperidin]-4- 
one (298 mg. 0.90 mmol) gave, after chromatography and salt formation, the title compound as an pale yellow 
solid (156 mg, 45%) mp 293-297°. 
Anal. CalCd for CzoHarNjOyHCiCS hfeO : 
C, 60.15 ;H, 7.22; N. 10.52. 
Found : C, 60.17 ; H, 6.98 ; N, 10.50. 



EXAMPLE 474C 
1-He £ tvJt^ 

^ In the manner of Example 457, 6,7Kiiamino-3,4-<fihydro-1^^ 

4-one (275 mg. 0.80 mmol) gave, after chromatography and salt formation, the title compound as a white solid 

(137 mg, 42%) mp 299-301°. 

AnaJ. Calc'd for C^HasNsOs-HCI.O.S ^0 : 

C, 61.02 ;H, 7.46 ;N, 10.17. 

Found : C, 61.04 ; H, 7.59 ; N, 10.16. 

EXAMPLE 475 
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1'-{2-Ph rrylethyi)-7 t 8-dihydro^8-oxospir^^ hyd- 
rochloride 

Pyrrolidine (83 ml, 71 mg, 1 mmol) was added to a mixture of 1 -(6-hydroxy-1 ,3-benzodiQXo}-S-yl)-ethanone 
[prepared as described by K. Fukui and M. Nakayama, BuD. Chem.Soc.Jap., 1963, 37, 300.] (180 mg, 1 mmol) 

5 in methanol (1 ml). The mixture was stirred for 10 minutes, then 1-(2-phenylethyI)-4-piper1dinone (203 mg, 1 
mmol) in methanol (1 ml) was added and the mixture was heated under reflux for 1.5 hours. The mixture was 
cooled, the solvent was evaporated under reduced pressure and aqueous sodium hydrogen carbonate (satu- 
rated, 20 mi) was added. The mixture was extracted with dichloromethane (3 x 20 ml) and the combined organic 
fractions were dried (Na^O*) and evaporated under reduced pressure. The residue was purified by column 

10 chromatography on silica gel, eluting with ChfeCi^eOH/NHsfAq.) (98 : 2 : 0.2) to give a yellow glass which 
was suspended in ethanol (5 ml) and treated with etha nolle HO (6N, 0.5 ml). The mixture was stirred for 1 hour, 
cooled and the precipitate was collected and dried in vacuo to give the title compound as a white solid (153 
mg, 38%), m.p. >285°C. 
Anal. CalCd. for C^H^CINC^ : 

15 C, 65.75 ;H, 6.02 ;N, 3.48. 

Found : C, 65.61 ; H, 6.22 ; N, 3.42. 

EXAMPLE 476 

20 1 , ^2-(4-(^nophenyl)ethyl^7,8-dihyd^o^^oxospi^o^6H-1 ^ioxdo[4,5^I[1]ber»2opyran-6 t 4 f -piperidine1 
hydrochloride 

As described in Example 475, 1^6-hydroxy-1,3-benzo-dioxol-5-yI)ethanone (180 mg, 1 mmol) was con- 
densed with H2-(4-cyarK>phenyi)ethyiH-pip6ridinone (228 mg, 1 mmol) to give, after chromatography and salt 
formation, the title compound as a white solid (173 mg, 41%), m.p. 268-270°C (dec). 
25 Anal. CaiCd. for C23H23CIN2O4 : 
C, 64.71 ; H, 5.43 ; N, 6.56. 
Found : C, 64.61 ; H, 5.61 ; N, 6.46. 

EXAMPLE 477 

30 

1-(BenzofuroxarH5-carbonyQsp 

To a suspension of benzofuroxan-5-carboxylic add (673 mg, 3.7 mmol) in methylene chloride (13 ml) was 
added DMF (2 drops) and oxaJyl chloride (0.36 ml, 0.52 g, 4.1 mmol). The mixture was stirred for 3 h, the solvent 
was evaporated under reduced pressure and flushed with methylene chloride (1 3 ml). The residue was dissol- 

35 ved in methylene chloride (13 ml) and a portion (3 ml) was added to an ice cooled solution of spiro[piperidine- 
4,6H6H)4hieno(2,3-b)miopyran^45'H)-one](276 mg, 1.0 mmol) and diisopropylethylamine (0.52 ml, 3.0 
mmol) in methylene chloride (1.7 ml). The mixture was stirred for 30 min., the solvent was evaporated under 
reduced pressure and the residue was purified by flash column chromatography on silica gel, eluting with 
hexanes/40% EtOAc. The product was triturated with hexanes/EtOAc and the solid was collected and dried in 

40 vacuo to give the pyranone as a white solid (307 mg, 90%), m.p. 1 95-1 96°C. 
Anal. CalcU for C^H^O^ : 
C 53.84 ; H 3.77 ; N 10.47. 
Found : C 53.75 ; H 3.59 ; N 10.47. 

45 EXAMPLE 478 

1-(Benzofarazar^5Karbonyl)splro^ 

HBenzofuroxan-5-carbony^^ (100 mg, 0.25 

mmol) and triethyl phosphite (0.10 g, 0.62 mmol) in THF (3.8 rrf) were heated under reflux for4 h., the solvent 

so was evaporated under reduced pressure and the residue was purified by flash column chromatography on silica 
gel, eluting with hexanes/40% EtOAc. The product was triturated with haxanes/EtOAc and the solid was col- 
lected and dried in vacuo to give the pyranone as a white solid (59 mg, 61%), m.p. 1 99-201 °C. 
Anal. Caicd. for 0^5^0^0.25^0 : 
C 55.43 ;H 4.02 ;N 10.76. 

55 Found : C 55.09 ;H 3.88 ; N 10.66. 

EXAMPLE 479 
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(±>. and (+)^A^ihydro-1'4(6^no-1.Z3,44e^ 
plro[(2H>14)erBa>pyran-2.4^iperidIn H-ol hydrochloride 

In the manner of Example 429, (±}^4^ihydro-1'-[6-cyano.1^ 
memanesulfbnamido^pirot(2H)-1^enzopyrarv-2,4'^iperk^ (651 mg, 1.4 mmof) was reduced to give, 

after chromatography, the alcohol as a foam (618 mg, 95%). A sample (200 mg) was treated with ethanolic 
HCI to give the (±)-hydrochIoride as a white solid (164 mg), m.p. 216-218°C. 
Anal. Calcd. for CasHttCH^AS^^HaO : 
C 58.87 ;H 6.06 ;N 8.23. 
Found : C 58.96 ; H 5.95 ; N 8.18. 

lnthesameway,(+)^,4^ihydro-14(6^no-^ 
spiro[(2H)-1-benzopyran-2 t 4'-piperidinepU)ne gave, after chromatography and salt formation, the (+}-hyd- 
rochloride, m.p. 182-184°C, [aJd+43.0 0 (c 0,128, MeOH). 

EXAMPLE 480 

(±y and (+H '-t(6-Cyano-1 ,2,3,4-tetrahydronapthaleneV2-yf}-6KTre^ 
zopyran-2,4 > -ptperidine] hydrochloride 

(±)-3,4-Dihydro-1 '-[(6-cyano-1 ;2,3,4-tetrahydronapthaIene)-2^il-6^ 
enzopyran-2,4'-piperidine}-4-ol (350) mg, 0.75 mmol) and p-tduenesulfonicacid (mono hydrate, 214 mg, 1.125 
mmol) in toluene (15 ml) was heated under reflux with azeotropic removal of water for 30 mlru, cooled and 
aqueous sodium hydrogen carbonate (saturated, 40 ml) and water (10 ml) were added. The mixture was ext- 
racted with dichloromethane (3 x 40 ml) and the combined organic fractions were dried (NajSOJ and evapo- 
rated under reduced pressure to give a tan foam which was purified by flash column chromatography on silica 
gel, eiuting with CHjClaMeOH/NHstAq.) (97 : 3 : 0.3) to give a foam (289 mg, 86%). A sample (115 mg) was 
treated with ethanolic HCI to give the (hydrochloride as a white solid (104 mg), m.p. 272-274°C. In the same 
way, (+)^,4^ihydro-146^no-1,2,3 ( ^ 

benzopyran-2,4'-piperidineH-o! gave, after chromatography and salt formation, the (+)-hydrochIoride, m.p. 
276-278«C, [al^^c 0.112, MeOH). 

EXAMPLE 481 

(+V3.4~Dihydro-14(6<yano-1,2,3,4-te^ 
benzopyran-2,4'-piperidine1 hydrochloride 

(+)- V-[(6-Cyano-1 ,2,3,4-tetrah 
-piperidine] (359 mg, 0.8 mmol) was suspended in methanol (17 ml). 5% Palladium on carbon (25 mg) was 
added and the mixture was stirred under hydrogen (1 Atm.). Further 5% palladium on carbon (20 mg portions) 
was added after 7, 24 and 31 h. After 48 h, the mixture was filtered through celite, washing with methanol, and 
evaporated under reduced pressure to give a foam which was purified by flash column chromatography on silica 
gel, eiuting with C^CIafMeOH/NhyAq.) (96 : 4 : 0.4) to give a foam (312 mg, 86%). A sample (300 mg) was 
treated with ethanolic HCI to give the (+)-hydrochIoride as a white solid (261 mg), m.p. 284-286°C, [aJd+55.6° 
(c 0.126, MeOH). 

EXAMPLE 482 

7-Amino^,4^ihydro-6-nitro-1H2-phen^ 

In the manner of Example 457, l^4^cetyl-5^droxy-2-nrtrophenyi)acetamide (1 S37 g, 4.5 mmol) and 1- 
(2-phenyIethylM-plperidinone (910 mg, 4.5 mmol) in methanol (15 ml) gave, after chromatography, the 
pyranone as an orange foam, (1.23 g, 72%). 

iHNMR (CDCU 5 : 8.80 (1H, s), 7.28 (2H, m), 7.21 (3H, m), 6.4 (2H, brs), 6.28 (1H, s), 2.75-2.60 (6H, m), 2.70 
(2H, s), 2.49 (2H, m), 2.02 (2H, m). and 1.79 (2H, m). 

EXAMPLE 483 

7^no-3.4^ihydro^nitro-iq(&3^ 
one dihydrochloride 

In the manner of Example 457, N-(4^cety»-5-hydroxy-2^itropheny0acetamIde (1.07 g, 4.5 mmol) and 1- 
[(2,3^ihydro-1H-indene)-2-ylH-piperidInone (970 mg, 4.5 mmol) in methanol (15 ml) gave, after hydrolysis In 
refluxing ethanol (3 ml) and HO-HjO (6M. 1 mi), the dihydrochloride as a yellow solid, (0.87 g, 41%). 
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'HNMR (DMSO) 5 : 114-11.1 (1H, s), &47 (1H. s), 8.00 (2H, hr s), 7.24 (4H, m), 643 (1H, s), 4,15 (1H, m), 
3.47 (2H. m), 3.32 (6H, m). 2.84 (2H, s), and £28-2.04 (4H, m). 

EXAMPLE 484 



(±)-7nAmlno-3 t 4-dihydro-6-n!tro-1 4(1 ,2,3,44etrahydronapthalene)-2^ll^pifD[(2H)-1 -benzopyran-2,4 f - 
piperidineH-cne 

In the manner of Example 457, N^4^cetyl-5-hydroxy-2-narophenyl)acetamIde (1.07 g, 4.5 mmol) and (i)- 
H(1 r 2,3Atetrahydronapthalene)-2-yfH-piperidinone (1.03 g, 44 mmol) in methanol (9 ml) gave, after acid 
10 hydrolysis In refiuxing ethanol (20 ml) and HCJ-r^O (6M, 10 ml) and chromatography, the pyranone as an 
orange foam, (418 mg, 23%). 

1 HNMR (CDQ3) S : 8.80 (1H. s) ( 7.11 (4H. m), 6.4 (2H, br s), 6.30 (1H, s), 2.91-2.71 (11H, m), and 2.52-1.60 
(6H, m). 

15 EXAMPLE 485 



7"Amino-3/^dihydn>-6-nltro-14(6J,8 t 94e^ 
2opyran-2,4 f -piperidineH-one 

In the manner of Example 457, N-(4-acety^hydroxy-2-nftrophenyl)acetamIde (785 mg, 3.3 mmof) and 1- 
20 [(6.7,8,94etrahydro^H-benzocydo^ (802 mg, 3.3 mmol) in methanol (7 ml) gave, 

after acid hydrolysis in refiuxing ethanol (20 rrd) and Hd-H 2 0 (6M, 10 ml) and chromatography, the pyranone 
as an orange solid, (217 mg, 16%). 

'HNMR (CDCI3) 5 : 8.78 (1H f s), 7.12 (4H, s), 6.4 (2H, brs), 6.26 (1H, s), 2.9-24 (11H, m), and 2.2-1.35 (8H, 
m). 

25 

EXAMPLE 486 



6,7-Diamino^,4Klihydro-142^henyte^ 

In the manner of Example 462, 7-amlno-3,4-dihydro-6^itro-142-phe 
jo 2,4'-piperidine}4-one (1 J22 g, 3.2 mmol) was reduced to give, after chromatography, the pyranone as a yellow 
foam (790 mg, 70%). 

1HNMR (CDCI3) 6 : 742-7.10 (6H, m), 6.22 (1H, s), 4.16 (2H, br s), 3.05 (2H, br s), 2.80 (2H, m), 2.75-Z53 
(4H ( m), 2.61 (2H, s), 2.48 (2H, m), 2.07 (2H, m), and 1.73 (2H, m). 

35 EXAMPLE 487 



6.7-DiarrtfrK>-3,4-dihydro-14R 

one 

In the manner of Example 462, 7-amIno-3,4-dlhydro-6-nitro-1 4(2,3-dlhydro-1 H-indene)-2-yI}-spiro[(2H)-1- 
40 benzopyran-2,4'-piperidineH-one dihydrochloride (863 mg, 1.85 mmol) was reduced to give the pyranone as 
an orange solid (301 mg, 45%). 

'HNMR (CDCy 5 : 7.16 (5H, m) ( 6.23 (1H, s), 4.16 (2H, brs), 3.22 (1H, m), 3.09 (4H, m), 2.90 (2H, m), 2.72 
(2H, m), 2.61 (2H, s), 2.47 (2H, m), 2.08 (2H, m) and 1 .75 (2H, m). 

45 EXAMPLE 488 



(t)-6,7-Diamino-3,4-dihydro-14(1»2,3,4-tetrahy 
dine]-4-one 

In the manner of Example 462, (tH^mim^.^ihydro-e^itro-l 4(1 , 2, 3, 4-tetrahydronapthaIene)-2- yt]- 
so spiro[(2H)-1-beri2opyrarh-2,4'-piperidineH-one (407 mg, 1.00 mmol) was reduced to give, after 
chromatography, the pyranone as an orange foam (331 mg, 88%). 

'HNMR (CDCIa) 6 : 7.26 (1H, s), 7.10 (4H. m), 6.25 (1H, s), 4.17 (2H, br s), 3.05 (2H, br s). 3.00-2.78 (7H f m). 
2.72 (4H, m), 2.62 (2H, s), 2.10 (2H, m), and 1.72 (2H, m). 

55 EXAMPLE 489 

6,7-Diamino^,4-dihydro-14(6,7,8,9-tetrar^ 
2,4'-ptperidin ]-4-one 
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In the manner of Example 462. 7.amfno^ f 4^hydn>^ 
tene)-7-yl}«plro[(2HH^nzBpyrarv^ (215 mg, 0.51 mmol) was reduced to give, after 

chromatography, the pyranone as an orange foam (146 mg, 73%). 

1HNMR (CDCW 5 : 7.20 (1H, s), 7.12 (4H, s). 6.20 (1H, s), 4.14 (2H, br s), 3.03 (2H. br s), 2.82 (2H f m). 2.71 
(5H, m), 2.58 (2H, s), 2.53 (2H. m), 2.12 (2H, m) f 2.02 (2H. m), and 1.42 (2H, m). 

EXAMPLE 490 



1 ^2-Phenyleftyl)-7\8'^ihydro^'-<*^ f HVpyranoR3-flbenzlmidazolel Dihyd- 

rochloride 

inthe manner of Example 467, 6,7^iamino^,4^ihydro^ 
piperidineH-one (31 6 P mg, 0.90 mmd) gave, after chromatography and salt formation, the (^hydrochloride as 
a light tan solid (107 mg, 27%), m.p. 247-249°C. 
Anal Calcd. for C 2 2H 2 5Cl2N3O r 0.05EtOH.0.30H 2 O : 
C 60.04 ;H 5.91 ;N 9.51. 
Found : C 60.08 ; H 5.70 ; N 9.45. 



EXAMPLE 491 

14(Z3-Pihydro-1H-indeney2^7^ 
dazole] Dihydrochloride 

In the manner of Example 467, 6,7^iamin<>3,4^ihydro-14(2,^ 
benzopyran-2,4'-piperidinel-4-one (73, mg, 49 mmol) gave, after chromatography and salt formation, the dihyd- 
rochloride as a light tan solid (73 mg, 49%), m.p. 233-236°C. 
Anal. Calcd. for 0^250^302-0.30^0 : 
C 61.14 ;H 5.71 ;N 9.30. 
Found : C 61.14 ; H 5.58 ; N 9.22. 

EXAMPLE 492 

(±).14(1^.3.4-Tetrahydronapthato 
flbenzimidazolel dihydrochloride 

In the manner of Example 467, (±)^7^amino-3,4«ilhy^ 
ro[(2H)-1 -benzopyrarv2.4'-piperidineH-one (132 mg, 0.35 mmol) gave, after chromatography and salt for- 
mation, the dihydrochloride as a tan solid (90 mg. 55%), rap. 233-236°C. 
Anal. CalCd. for C^HjrClzNaOa-O.SSEtOH : 
C 62.06 ; H 6.29 ; N 8.65. 
Found : C 62.08 ; H 6.66 ; N 8.75. 



EXAMPLE 493 

14(6. 7. 8, &/retrahydro^H-benzDcydohe 
no f2,3-f]benzimidazole] dihydrochloride 

In the manner of Example 467, 6,7-diamino^,4-dihydro-iq(6, 7, 8, 9-tetrahydro-5H-benzo-cydo-hei>- 

tene)-7-yfrspiro[(2HH-ben2^ (29. rng, 0.075 mmol) gave, after chromatography 

and salt formation, the dihydrochloride as a tan solid (17 mg, 47%), m.p. 232-235°C. 
Anal. CalCd. for C25H29CI2N3O2 : 
C 63.29 ;H 6.16 ;N 8.86. 
Found : C 62.91 ; H 6.44 ; N 8.55. 



EXAMPLE 494 

1 I j2£heny1e^^ 
'^themLerofExampte^^ 

piperidineH-one (316 mg, 0.90 mmol) gave, after chromatography and salt formation, the hydrochloride as a 
pal yellow solid (137 mg, 36%), m.p. 298-300°C. 
Anal. CalCd. for C22H24CIN3Qr0.50H2O 
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C 62.48 ; H 5^6 ; N 9.84. 
Found : C 62.49 ; H 5.69 ; N 9.89. 

EXAMPLE 495 

1 -{(2,3-bihydro-l Hsndene)-2^2\3\7'3'^trahydro^8^ioxo^ HV-pyranoHRS- 
flbenzimldazoie] Hydrochloride 

In the manner of Example 472, 6 ,7-diamino-3,4-dihydro-1 '-[(2,3-dIhydro-1 H-tndene)-2-yl}-spiro [(2H)-1- 
benzopyran-2,4'-plperidine}-4-one (180 mg, 0.5 mmol) gave, after chromatography and salt formation, the hyd- 
rochloride as a pale orange soDd (126 mg, 58%), m.p. 257-260°C. 
Anal. CalcU for C^H^dNaO^ -0.65EtOH-0.75H2O : 
C, 62.18 ; H, 6.31 ; N, 8.95. 
Found : C, 62.18 ; H, 6.10 ; N, 8.81. 

EXAMPLE 496 

(±H4(1,2,3,4-Tetrahydrormpft^ 
rano[2,3-f|bergirnidazole] Hydrochloride 

In the manner of Example 472, (±>6,7-diamino-3,4-dihydro-1'-I(1, 2, 3, 4-tetrahydronapthalene)-2-yQspl- 
ro[(2HH^ e nzopyrarH2 f 4'-piperid?ne}-4-one (170 mg, 0.45 mmol) gave, after chromatography and salt for- 
mation, the hydrochloride as a yellow solid (89 mg, 45%), rap. 254-257°C. 
Calcd. for C^HasaNaQrO.OSEtOH-I^OHzO : 
C 62.40 ;H 6.24 ;N 9.06. 
Found : C 62.42 ; H 5.97 ; N 8.94. 

EXAMPLE 497 

1-[(6,7,8,9-Tetrahydro-5H-benzocydoh 
VH)-pyranoR3-flbenzirnidazole] Hydrochloride 

In the manner of Example 472, 6,7-diarrrino-3,4-dihydro-14(6r7>8,9-te^^ 
y0^piro[(2H>1-benzopyran-2,4'^iperidIne]-4-^ (98 mg, 0.25 mmol) gave, after chromatography and salt for- 
mation, the hydrochloride as a yellow solid (47 mg, 41%), m.p. 260-263°C. 
CalCd. for CasHasdNsOgLSOHiO : 
C 62.42 ;H&50;N 8.74. 
Found : C 62.32 ; H 6.35 ; N 8.59. 

In the manner of Example 339, step 8, 1-{3-hydroxypyridInyI)ethanone can be condensed with suitably 4- 
substituted piperidinones using pyrrolidine in methanol to give the following 1 '-substituted 2,4-dihydro(2H-py- 
rano[3 r 2-b]pyridine-2,4'-piperidine)-4-ones of Table XXXI. 
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TABLE nn 



O 




vherein RM is -CCHOsCI^. 
-CCHjDeCHb, -CH^CHaCflHs, 

In the manner of Example 429. the appropriate pyran-4-ones can be reduced with sodium borohydridein 
ethanol to give the following 1 '-substituted 3,4^ihydrt>^ethanesu!fonyl^piro[(2H>berizo P yrarv-2 : 4 -pipen- 
dine]-4-ols. 1-substituted ^8'-dir^ro4^hydroxy*piioM^ benzlmidazolers 
and 1-substituted ^7\8'-tetrahydro-8'-hydroxy^^ 
dazolels of Table XXX] I. 
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table nni 

OH 




herein -RM is -CCH^sCHp,, 
-CCH^OH -CCH 2 ) 6 CI^, 




In the manner of Example 480, the appropriate pyran-4-ois can be dehydrated with p-toluenesulfonic acid 
in toluene to give the following 1 '-substituted &4nethanesulfbnyl-6piro[(2H)^ra 1- 
substituted spiro[piperidine^,6X1'H)-pyranol2>fJ-^ and 1 -substituted 2',3'-dthydro-2'-oxo- 

spi!TKpiperidine^6'(1'HVpyFano& XXXIII. 
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vjherein -RM is -CCH^gCHg, 
-CCH 2 ) 6 OE -(CH 2 ) 6 CH3, 



-CCH 2 ) 7 OE 




In the manner of Example 481 . the appropriate pyrarts can be hydrogenated over 5% pafladium on cartw 
to give the following 1'-substituted 3Adihydn>-e^ttanesulfonytepIro[^ 

substituted 7\8'^ii^n«piro[piperidine^'(l4l)*y™^ and 1-substKuted 2\3'.7\l 

tetrahydro-2'-oxo-spiro |piperidine^,6'(1'H)-pyranoI2,3-fJben2imldazoler8 of Table XXXTV. 
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table nn? 




yiierein -HM is -(CH^CH^ 

-CCH2) 6 OH, -CCH 2 ) 6 CH 3 , 
-(CH^OH, 




In a manner similar to that of Example 339, step 8, 5-methy!sutfonyt-2-hydroxypropiophenone can be con- 
densed with suitably 4-substftuted piperidinones using pyrrolidine in methanol to give the following 3,4-dihyd- 
ro-3^ethyl-6HnethanesuIfbnyl-1^ of Table XXXV, 
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TAPIS TO 



5 CH3SCV 




10 

therein RM is -CCH^sCHg, 

f5 



20 



25 




EXAMPLE 498 

so 

Ethyl lHTiethyl-3^2 , >fluoroben2ykifpecotate 

To a solution of ethyl 1-methylnipecotate (10.0 g, 58.4 mmol) in dry tetrahydrofuran (350 ml) was added 
at -78°C lithium bis(trimethylsilyl)a(rtde (80.0 ml, 80.0 mmol) as a 1.0 M solution in tetrahydrofuran and the 
resulting solution was allowed to stir at -78°C for 3 hours. To this was added 2-fluorobenzylchloride (7 .0 ml, 

35 8.5 g, 59 mmol) and the resulting solution was allowed to warm to room temperature over 5 hours. Thin-layer 
chromatography showed reaction was not complete. More 2-fluorobenzylchloride (20 ml, 2.4 g, 17 mmol) was 
added to the reaction mixture and the resulting solution was allowed to stir overnight, ca. 18 hours. The tet- 
rahydrofuran was removed by evaporation in vacuo and the orange residue was dissolved In ethyl acetate. The 
organic solution was extracted with 0.5 N HCI (4 x 100 ml) and the aqueous acid extracts were combined and 

40 made basic with 10 N NaOH. The aqueous was then extracted with ethyl acetate (5 x 100 ml) and the combined 
extracts were dried over MgS0 4 and concentrated to yield 12.1 g (74.4%) of ethyl 1^nethyl-3-(2'-fluoro)-ben- 
zyl-nipecotate as an orange oil. 

1H-NMR (CDCI3) 8 : 7.22-7.15 (m, 1H), 7.10-6.95 (m, 3H), 4.14-4.05 (m, 2H). 3.01 (bd. 1H, J=10.3Hz), 2.87 (s, 
2H), 2.58 (bd, 1H, J=10.3Hz), 2.24 (s, 3H), 2.04-1.95 (m. 3H), 1.69-1.60 (m, 2H), 1.30-1.22 (m, 1H), 1.16 (t, 
45 3H, J=7.1Hz). 



EXAMPLE 499 



50 



55 



l- Methyl-S-hydroxymethyl-S-g'-fluorobenzyO-piperidine 

To a mixture of lithium aluminum hydride (2.00 g, 50.0 mmol) in diethyl ether (100 ml) at 0°C was added 
over 0.5 hour, ethyl l-methyl^-fluoro^enzyl-nlpecotate (121 g, 43.5 mmol) In diethyl ether (10 ml) and tet- 
rahydrofuran (50 ml) and the resulting solution was stirred for 0.5 hour at OX and then warmed to room tem- 
perature for4 hours. To the mixture was added saturated sodium potassium tartrate (50 ml) followed by crushed 
ice. The layers were separated and the aqueous was extracted with ethyl acetate. The combined extractewere 
dried over MgS0 4 and concentrated. The product was crystallized from a small amount of hexane tojrfdd 8.77 
g (85%) of l^ethyl-3-hydroxymeth*^ as a pal yellow solid : : n^60X. 

1 l+NMR (CDCIj) 8 : 7.21 -6.98 (m, 4H), 5.20-4.20 (bs, 1 H), 3.68 (d, 1 H, J=1 0.5Hz), 3.57 (d, 1 H, J=1 0.5Hz), 2.65- 
2.55 (m. 2H), 2.54 (s, 2H), 2.04 (s. 3H). 2.01-1.95 (m. 3H). 1.64-1.54 (m, 2H). 1.33-1.28 (m. 1H). 
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EXAMPLE 500 

t4-Methytdihydrospirobenzopyran^ t 3'H)iperidine 

A solution of 1 Hiiethyt-3-hydraxymeth^ (400 mg, 1.68 mmoJ) In DMF (3 mL) 

was treated with NaH (200 mg of 60% dispersion, 5 mmd) and heated to 1 20°C for 3 hours. The reaction mixture 
was then cooled to RT and diluted with ethyl acetate (20 mL) and poured into 20 mL saturated sodium bicar- 
bonate. The layers were separated and the aqueous phase was extracted with 20 mL ethyl acetate. The 
organics were combined, dried over MgSO*. filtered and concentrated in vacuo. The residue was 
chromatographed on silica gel eluting with 3% MeOH/chloroform to give 266 mg (76%) of the title compound. 
The hydrochloride salt was generated in EtOH wfth excess ethanoiic HCI. The solid was collected and dried in 
vacuo to give 150 mg, mp=227. 

1 H-NMR (CDa 3 ) 6 : 7.2-7.0 (m, 2H) f 6.9-6.8 (m f 2H), 3.95 (br s, 2H), 2.8 (d, J= Hz, 1 H), 2.58 (d, J= Hz, 1 H), 
2.39 (m, 2H), 2^0 (m, 2H), 2.20 (s, 3H), 1 .65 (m, 2H) ( 1.5-12 (m, 2H). 

Employing the reaction sequence substantially as described in Examples 498, 499 and 500, there are pro- 
duced the following compounds of Table XXXV) (starting with an appropriate N-substituted ethyl nipecotate). 



TABLE nXVI 



H 




•wherein RM is 

JO. 

-CCH 2 ) 5 CH 3 . 

x®. 

-CCH 2 )60H or 
-(CH 2 ) 7 OH 

Employing the reaction sequence of Examples 498, 499, and 500, except starting with the appropriate N- 
substituted ethyl isonipecotate and 2-fluorobenzyl halide, there are produced the compounds of Table XXXVII. 
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TABLE XXXVII 



H 



RM 




CH 3 S0 2 



%S RM and RM 



Aftherein -RM is 



jo. 

-(CH 2 ) 5 CH 3 , -CCH 2 ) 6 CI^, 

-CCH 2 ) 6 oa -cch 2 ) 7 oh. 



or 



Employing the procedures of Example 416 and substituting the appropriate alcohol and the appropriate 
nitrite, there are produced the compounds of Table XXXVIII. 



55 
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table mvin 




N 
20 



H 
H 
H 
H 
H 
H 
H 



CH3SO2NH- 

CH3SO2NH- 

CH3SO2NH- 

CH3SO2- 

CH3SO2- 

CE3SO2- 

CH3SO2- 



-NHCONH- 

-NHCONH- 

-NHCONH- 

-NHCONH- 

-N=CH-NH- 

-N=CH-HH- 

-H-CH-HH- 



-CH2CH2OH 

-CH2 CH 2 0CH 3 
-CE2CH2COOCE3 

-CH 3 

-CH2CH2OH 

-CH2CH2OCH3 

-CH2CH2COOCH3 

-CH2CH2OH 

-CH3 

-CH2CH2COOCH3 
-CH2CH2OCH3 
-CH3CH2OH 
-CH3 

-CH3CH2OCH3 
-CH2CH2COOCH3 



The following compounds are prepared by methods previously described : 
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'wherein RM is 



OH 

-CCH2)«-OH -CCH2) 7 OH, 

-CCH,) 6 CHb. or -CI^CHj— ^^-CN . 

The following compounds are prepared by methods previously described : 




l^^N-CHjCHaCHzSCO^nC^C^CI^, 




N-CH 2 CH 2 CH 2 SCO) n CH^CH 2 CI%. or 




CH 2 CH2CH 2 SC O) n CI^CH 2 CH3, 



herein R 1 is CHgSOjNH or Cr^SCfe, 

n is 0, 1 or 2 and R 4 is H or C,_ 6 alkyl. 
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Th following compounds are prepared by methods previously described : 




Utilizing the procedures essentially as described in Example 31 (Steps A, B t C and D), substituting N-ben- 
zoyi-ethyl nipecotate and p-methoxybenzyl bromide for the ethyM -benzoyl-4-piperidine carboxyiate and benzyl 
bromide use therein and an appropriate electrophiie for Step E, there were produced the following compounds: 
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EXAMPLE MP (°C) 



502 CH,0- ^ ^ ^ 7 x 212-215 



In a manner similar to that of Example 92. Step B, 3,4^ihydro^methanesufforc 
opyran-2,4'-piperidine] may be reacted with an appropriate bromide to give the compounds of Table XXXDC 



TABUS JCffi T* 



CH 3 S0 2 NH 



0 ^/N-EM 

herein RM is -CCH^gCI^OH, or 

-CCH 2 ) 0 CH2OH 

Employing the procedures previously described, there are produced the compounds of Table XXXX 
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TABLE XXXX 




^RM 



R 2 


R 20 


RM 


CH3SO2NH- 


-CH 3 


-<CH2)5 CH 3 


CH 3 S0 2 NH- 


-CH 3 


-(CR 2 '>6 CZ 3 


CH3SO2NH- 


-CH3 


-(CH 2 ) 6 OH 


CH3SO2NH- 


-CH3 


-(CH 2 )70H 


CH3SO2- 


-CH3 


-<CH 2 )5 CH 3 


CH3SO2- 


-CH 3 


-<CH 2 ) 6 CH 3 


CH3SO2- 


-CH3 


-(GH 2 )eOH 


CH3SO2- 


-CH 3 


-<CH 2 )70H 


-NHCONH- 


_CH 3 


-(CE 2 )5 CH 3 


-NHCONH- 


-CH3 


-<CH 2 ) 6 CH 3 


-NHCONH- 


-CH 3 


-(CH 2 ) 6 OH 


-NHCONH- 


-CH3 


-(CH 2 )70H 


-N=CH-NH- 


-CH3 


-«3t 2 ) 5 CH 3 


-N=CH-NH- 


-CH3 


-(CH 2 ) 6 CH 3 


-N=CH-NH- 


-CH 3 


-(CH 2 )6 0H 


-N=CH-NH- 


-CH3 


-(CH 2 >70H 
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TAflTK **** cowt'P 



R 1 


R 2 


a 20 




H 


CH 3 S0 2 NH- 


-CH2CH2COOCH3 


✓ /Ml x / • 11 

-(CH 2 )5CH3 


H 


CE3SO2NB- 


-CH2CH2COOCH3 


-(CH 2 ) 6 CH 3 


E 


CH3SO2NH- 


-CH2CH2COOCH3 


-(CH2>50H 


E 


CE3SO2NB- 


-CH2CH2COOCH3 


-(CH2)70H 


E 


CE3SO2- 


-CH2CH2COOCH3 


-<CH2>5CH3 


E 


CE3SO2- 


-CH2CH2COOCH3 


-(ch 2 ;$ch3 


H 


CE3SO2- 


-CH2CH2COOCH3 


✓ /rtr \ /vet 
-(CH2;gOB 


E 


CH 3 S0 2 - 


-CH2CH2COOCH3 


-(CH2)7 0H 




-NECONB- 


-CH2CH2COOCH3 


-(CH 2 ?5 CH 3 




-HECONE- 


-CH2CH2COOCH3 


-(CH2>6CH3 




-NHCONH- 


-CH2CH2COOCH3 


-(CH2'6 0H 




-NHCONH- 


•CH2CH2COOCH3 


-(CE 2 )70E 




-N=CH-NH- 


-CH2CH2COOCH3 


-(CH 2 )5CB3 




-NsCE-NE- 


-CH2CH2COOCH3 


-<CH 2 )6CH3 




-N=CH-NH- 


-CE2 CH 2 C00CH 3 


-<CH 2 )6<> H 




-N=CH-NH- 


-CE2CH2COOCH3 


^ V ATT 

-(CH 2 >70E 


E 


CH3SO2HE- 


-CH2CH2OH 


-(CE 2 )5 CH 3 


E 


CE3SO2NE- 


-CH2CH2OH 


-(CH 2 ) 6 CH 3 


E 


CE3SO2NE- 


-CH 2 CH 2 0H 


-(CH 2 ) 6 OH 


E 


CE3SO2NB- 


-CH 2 CH 2 0H 


-(CH2)70B 


E 


CB3SO2- 


-CH2CH2OH 


-(CH 2 )5CH 3 


E 


CE3SO2- 


-CH 2 CH 2 0H 


-(CH 2 )6 CH 3 


E 


CB3SO2- 


-CH2CH2OH 


-(CH 2 ) 6 0H 


E 


CE3SO2- 


-CH 2 CH 2 OH 


-<CB 2 )70B 




-NHCONH- 


-CH 2 CE 2 0H 


-(CH 2 ) 5 CH 3 




-NHCONH- 


-CH2CH2OH 


-(CH 2 ) 6 CH 3 




-NECONH- 


-CH2CH2OH 


-(CB 2 >60E 




-NHCONH- 


-CH 2 CH 2 0H 


-(CB 2 )70B 
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table zra ^nwrtp 



pl 




»20 


-.nrti'i n 






■»fT?*%CH#»OH 






— M— PIT— TJTT— 


— CHo CH«* OH 






— W — til" HH- 


— f*H« CH*> OH 


-(CHo^OH 




— IN = UH— rill— 


— CW*CH*>OH 


-(CHo)tOH 


S 


^ U Oft _ i\i u 


~v*i*2' , "*2 3 




H 


CE35O2N**"" 


—\*ti2****2 3 




H 


CH3SO2NH- 


— Uii2^*" , 2^^^3 


— ( CHo ^ r OH 


H 


f*T9 

CH3SO2HH- 


-Ulowfl?^ 3 


— fCHoVtOH 


H 


CH3SO2- 




— v v * tt 2' 5 3 


H 


/ 1 II CA_ 
UM3SU2 1 " 






H 


CH3SO2- 


-CH2CH2OCH3 


-(CH 2 ) 6 0H 


E 


CH3SO2- 


-CH2CH2OCH3 


-<CH 2 )70H 




-NHCONH- 


-CH2CH2OCH3 


=<CH 2 ) 5 CH 3 




-NHCONH- 


-CE2CH2OCH3 


-(CH 2 ) 6 CH 3 




-NHCONH- 


-CH2CH2OCH3 


-<CH 2 ) 6 OH 




-NHCONH- 


-CH2CH2OCH3 


-<CH 2 >70H 




-N=CH-NH- 


-CH2CH2OCH3 


-(CH 2 ) 5 CH 3 




-N=CH-NH- 


-CH2CH2OCH3 


-<CH 2 ) 6 CH 3 




-N=CH-NH- 


-CH2CH2OCH3 


-<CH 2 ) 6 OH 




-N=CH-NH- 


-CH2CH2OCH3 


-<CH 2 )70H 
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TABLE mi CONT'D 



H 


£ 


R 20 


_RM_ 




'Ha I ~ Mo 


— (GH«>) cCHo 


II 




3 


— ( CHo j & CHo 


tt 
n 






-(CHo)*OH 


H 


O O v O 11*1 




-(CHo>70H 


TT 
U 


DUO 




-(CHo)qCHo 


TT 
H 


Wl^ OUT 


—CH2CH3 


-(CHo )c CHo 
v Z y o^^3 


TT 
XL 




— CH*i CHo 




TT 
U 






-(CH->)70H 




-NHCONH- 


-CH2CH3 


-<CH2>5CH3 




-NHCONH- 


-CH2CH3 


-(CH 2 )6 CH 3 




-NHCONH- 


— CE2CH3 


-<CH 2 >60H 




-NHCONE- 


-CH2CH3 


-(CH2)7 0H 




-N=CH-NH- 


-CH2CH3 


-(CH 2 )5CH3 




-N=CH-NH- 


-CH2CH3 


-(CH 2 )6CH 3 




-N=CH-NH- 


-CH2CH3 


-<CH 2 ) 6 OH 




-N=CH-NH- 


-CE2CH3 


-(CH2^7 0H 



EXAMPLE 503 

In Vitro Test for Class III Antiarrhythmic Activity 
Purpose : 

This in vitro assay is designed to assess possible potassium channel blocking activity of a compound based 
on its ability to prolong effective refractory period (ERP) in isolated papillary muscle. 

Tissue Preparation : 

Ferrets (700 to 1200 grams) are anesthetized with 0.7 ml of a mixture of xylazine and ketam'me HCL in 1 : 
7 ratio. Papillary muscles from the right ventricle are quickly excised from the isolated heart and mounted in 
50 ml organ baths containing Krebs-Henseleit solution (pH=7.2-7.4) at 37°C. The composition of the solution 
in millimoles per liter are as follows : NaCI, 118 ; KCI. 4.7 ; NaHC03,23 ; Cad 2 2H2O 2.0 ; MgSC^THA 1.2 ; 
KH 2 P0 4i 1 2 ; Dextrose, 11.1. Timolol (1 fVM) is added to the solution to block the effects of catecholamines 
released during stimulation of the muscles. This solution is aerated with 95% Oj and 5% CO* The tissue is 
stimulated at 1 Hz at one msec pulse duration by a square wave stimulator at a voltage 30% above threshold 
through platinum electrodes that touch the tissue just above the bottom attachment point The tendenous end 
of the tissue Is connected by thread to an isometric force transducer leading to a polygraph. 

Effective Refractory Period (ERP) Measurement : 

The ERP is determined by a standard 2 pulse protocol. Both pulses are stimulated at 1.3 x voltage 
threshold. WhOe pacing the tissue at a basal frequency of 1 Hz, a single extrastimuJus is delivered after a vari- 
able time delay. The shortest delay resulting in a propagated response is defined as the ERP. 
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Protocol: 



1. Tissues are mounted with a resting tension of 0.5 gms, stimulated at 1 Hz, and allowed to equilibrate 
for 2 hours with washings at 15-20 minute intervals. 
5 2. Voltage is adjusted to 30% above threshold and resting tension is adjusted for maximum developed 
tension, and the tissue is allowed 5 min. reequflibration time. 

3. Effective refractory period is measured at 1 Hz. Changes in resting tension and developed force are 
noted. 

4. After equilibration, ERPs and developed force are measured at 30 minutes following the addition of 
10 increasing cumulative concentrations for test agent to the organ bath. Four to five concentrations of test 

agents were used to generate a concentration-response curve. 

5. Four tissues per compound are tested. 



Results 

Employing the above protocol, it has been found that the effective concentration of most of the compounds 
of this invention required to increase the refractory period by an Increment of 25% above base-line is less than 
or equal to 1 0 micromoiar, i.e. EC25 £ 1 OyM, whereas sotaloi in the same protocol has an EC^ -20 micromolar. 



20 EXAMPLE 504 



Preparation of intravenous solutions 



A solution containing 0.5 mg of active ingredient per ml of injectable solution is prepared in the following 
25 manner. 

A mixture of 0.5 mg of active ingredient is dissolved in 1 ml of acetate buffer. The pH is adjusted using 
hydrochloric acid or aqueous sodium hydroxide to about pH 5.5. 

If it is desired that the intravenous solution be used for multi-dose purposes, 1.0 mg of methyl-p-hydraxy 
benzoate (methyl paraben) and 0.10 mg of n-pro pyl-p-hydroxy benzoate (propyl paraben) are mixed with the 

30 other solids before adding water to dissolve the solids. The solution is prepared and stored in such a manner 
that it is suitably protected from the deleterious effects of the atmosphere. One method by which this can be 
accomplished is by preparation and storage of the solution in an atmosphere of nitrogen. The resulting solution 
is sterilized by autoclaving. injectable solutions comprising 0.001, 0.01, and 0.1 mg, respectively, of active 
ingredient per ml of solution are similarly prepared substituting the indicated amount for the above-illustrated 

35 1 0 mg quantity. Bulk injectable solutions of convenient volume for subsequent delivery in unit dosage form are 
readily prepared following the above procedure. 

EXAMPLE 505 

40 Tablet Preparation 

Tablets containing 1.0, 2.0, 25.0, 26.0, 50.0 and 100.0 mg, respectively, of active ingredient are prepared 
as illustrated below. 

45 

TABLE FOR DOSES CONTAINING FROM 
MG OF TH E ACTIVE COMPOUND 

so Amount - mg 

Active ingredient 
Microcrystalline cellulose 
^ Modified food corn starch 

Magnesium s tear ate 



1.0 


2.0 


25.0 


49.25 


48.75 


37.25 


49.25 


48.75 


37.25 


0.50 


0.50 


0.50 
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TABLE FOR DOSES CONTAINING FROM 
26-100 m THE ACTIVE C( 



Amount - mg 
26.0 50.0. 100.0 



Active ingredient 
Microcrystalline cellulose 25.0 100.0 200.0 

Modified food corn starch 2.21 4.25 8.5 

Magnesium stearate 



.39 0.75 1.5 



All of the active compound, cellulose, and a portion of the corn starch are mixed and granulated to a 10% 
corn starch paste. The resulting granulation is sieved, dried and blended with the remainder of the corn starch 
and the magnesium stearate. The resulting granulation is then compressed into tablets containing 1.0 mg, 2.0 
mg, 25.0 mg, 26.0 mg, 50.0 mg, and 100.0 mg of active ingredient per tablet 



Claims 

1. A compound of structural formula : 




II 



or a pharmaceutical^ acceptable salt thereof, wherein Ar 1 is an aromatic ring selected from 

1) benzo, 

2) thieno, 

3) furo, and 

4) pyrido ; 

the ring system comprising X, Y and Z is a 5-, 6- or 

7- membered ring system wherein X, Y and 2 are independently 

-0-, C=O t CHOR 6 , -NR 6 -, CHNRW, -S(0)n-, C=NOR» -(CFVRSJrv, =CH- t =N-, or a bond, wherein : 
R 4 and R 6 are independently 

a) hydrogen, or 

b) C^alkyl ; 
R«is 

a) hydrogen, 

b) C i ^alkyl, 

c) (C^-CeHrR 10 , 
wherein R 10 Is 

ii) C^ky!, 
in) -O-C^alkyl, 

iv) halo, 

v) -CFs, or 

vi) hydrogen, 

d) -CO-Cv^kyl. or 
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eJ-CO^HrR 10 ; 
R 7 and R s are independently 

a) hydrogen, 

b) Cf_ea!kyl, unsubstituted or substituted with 
KCR*R5) n -(CR»R6) r R» I 

wherein g is 1-6, and R" is 
0 hydrogen, 
10 -OH, or 
in) -OCv^alkyl, 

c) -CO-Cv^alkyl, unsubstituted or substituted with 

I) -OH, 

10 -Nfl^R 5 ), 
fil) -OCt^alkyl, or 
ivJ-CQzRS, 
dJ-CO-CeHrR^.or 

e) R 7 and R 8 taken together with the nitrogen atom to which they are attached represent a 5 or 6 mem- 
bered saturated heterocyclic ring, unsubstituted or substituted with oxygen or hydroxy, which may con- 
tain an additional heteroatom selected from N, S(0) n or O, such as pyrrolidine, morpholine, piperidine, 
pyrrolidinone, piperidinone, piperazine or N-methylplperazine ; 
R 9 is 

a) hydrogen, or 

b) Chalky!, unsubstituted or substituted with -COOR 6 ; 
n isO, 1 or2; 

with the proviso that in Structure I, if X or Y is a heteroatom, the other of the two is a carbon atom ; and 
that in Structure II, if Y is a heteroatom, both X and Z are carbon atoms ; ff X is a heteroatom Y Is not ; and 
if Z is a heteroatom Y is not ; 
Mis 

1) -H, 

2) -OH, 

3) -0(C«alkyl), 

4) -CN, 

^-NHSO^^alkyl, 

6)-COOH, 

^-COOC^Ikyt, 

8) -CONR 1 ^ 13 , wherein R ia and R 18 are independently 

a) hydrogen, 

b) C^alkyi, or 

c) Riz and R 1S taken together with the nitrogen atom to which they are attached represent a 5 or 6 
membered saturated heterocyclic ring which may contain an additional heteroatom selected from 
N, S[0)n or 0, such as pyrrolidine, morpholine, piperidine, piperazine or N-methylpiperazine, 

9) -NR*2R 18 

10) halo, 

12) Cs-acycJoalkane, 

13) Cs-scydoalkene, or 
14) 



wherein s is 1-3 and th R 3 groups may be the sam ordffferent; 
R is -{CR*R 5 ) ar Q-(CR*R5) q -, wherein 
R 4 and R 5 are as defined above, 
m and q are independently 0-5, 

Q is a bond, -O-, C=O t CHOH, N-R 5 or -SfO),,-, with the proviso that if Q is -O-, N-R s or -S(0) Q - f m is other 
than 0 or 1 , and the further proviso that if Q is -O-, N-R 5 or -S(0) n -, and M is any functional group connected 
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through a heteroatom, q is other than 0 or 1 ; 
Ri, R 2 , and R 3 are independently selected from : 

1) hydrogen, 

2) C,^ alkyi, either unsubstituted or substituted with 

a) -NR^R 5 , wherein R 4 and R 5 are as defined above, 

b) -N(R5)COCv6aIlqrl. 

c) ^HSO^Cvealkyi), 

d) -CONR 12 R 13 , wherein R 12 and R 13 are as defined above, 

e) -CCXd^alkyl), 

f) -OH, 

g) O(d^alky0, 

h) -OCC^alkyiHHC^alkyl). 
O-StO^C^alkyl). 

j) imidazole, 

k) 2-imidazoIidinone, 

I) 2-pyrroIidinone, 

m) -NH^NHR^N-CN, or 

n) -NH-C^R^N-CN, 

3) -OH, 

4) alkoxy. either unsubstituted or substituted with C« aikoxy, 
SJ^R^SO^C^alkyt), 

6) -NCRSJS^CrygCOiH, 

7) ^(RSJSO^CrygCOj Chalky!. 

8) -NO* 

9) -NtRSJCOC^alkyl, 

10) -N(R^SO r CerlrR*, 

11) -N(R^CO-C 6 H4-R», 

12) -NR*R 5 . 

13) halo, 

14) -CO-Cvea!kyl, 

15) -CONR«R 13 

16) -CN, 

17) -C02R«, 

18) -CfRSJ^N-OR 9 , 

1 9) benzoyl, either unsubstituted or substituted with C^kyl, C^aikoxy, halo, or hydroxy, 

20) -NtRSJCOOtC^alkyl), 

21) -NfR^COO-phenyl either unsubstituted or substituted with d-ealkyi, C^lkoxy, hydroxy or halo, 

22) -N(R s )CONR 4 R 5 , 

23) -S(0)„C 1 ^alkyl, 

24) ^(0) n -CerVR 4 . 

25) -CF 3 . 

26) phenyl, either unsubstituted or substituted with C^e alkyi, C« alkoxy, halo or hydroxy, 

27) imidazolyl, 

28) ^02NR«R«, 

29) -NISlOJjC^alkylKCrypCN], wherein p is 2-5, 

30) -N(R 5 )-C(NR 4 R 5 )=N-CN, 

31) -N{R5)-C(SR5)=h4-CN, or 

ri a nd R2 on adjacent carbon atoms taken together with the Ar 1 to which they are attached represent : 
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HO. <0 ■ 



co. co- to- 

B is a ring of 5 to 8 members ; and 

At 2 is a single or fused ring carbocycltc or heterocyclic ring system containing up to 4 heteroatoms such 
as a mono- or tricyclic system selected tram : 

1) benzene, 

2) pyridine, 

3) benzofuran, 

4) quinoline, 

5) benzcfurazan, 

6) benzofurazan-N-oxide, 

7) benzimidazoie, 

8) indole, 

9) indoline, 

10) benzbthiafurazan, 

11) benzothiafiirazan-N-oxide, 

12) 1,3^lihydro-2 t 1 f 3-benzothiadiazole l 

13) 1 v 3-dihydro-2,1,3-benzothladiazole-2 v 2-dioxide > 

14) 1,3-dihydro-2H-benzimidazole-2-one t 

15) 2,1-benzisoxazole, 

16) quinoxaline, 

17) 1.2-benzisoxazole, 

18) indane, 

19) tetralin, 

20) benzocydoheptane, 

21) benzodioxane, 

22) 1,3-benzodioxole, 

23) imidazole, 

24) naphthalene, 

25) benzocydobutane, 

26) thiophene, 

27) thtazole, 

28) phthalimide, 

29) pyrimidine, 

30) imidazolidin-2-one, 

31) furan, 

32) pyrtdine-N-oxide, 

33) pyridone, 

34) lndoIin-2-one, 

35) tetrazolopyridine, 
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36) 2,3-dihydrobenzofuran, 

37) benzomorpholine, 

38) isoquinoiine, 

39) pyrimidindione, 

40) N.NKlilC^alkylJpyrirnidindione, 

40) benzothiophene, 

41) pyrazine, and 

42) pyridazine ; 

with the proviso that ff Ar 1 is benzo, and R 1 and R? are hydrogen, hydroxyaJkyl or alkoxy, then M is other 
than unsubstituted phenyl or hydrogen. 

2. The compound of Claim 1 wherein the cycfic moiety comprising X, Y and Z is : 

o 

H >lJ xC-c 1 . 8 alkyl 



OH 



3. The compound of Claim 2 wherein the cyclic moiety comprising X, Y and Z is : 
0 OH 

yy. yy. rf. 



4. The compound of Claim 1-3 wherein Ai* is benzo. 

5. The compound of Claim 1-4 wherein R is a bond, or C,^ aikyl, unsubstftuted or substituted with hydroxy! ; 
and 
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Mis: 

a) -OH, 

b) -CN,or 

wherein Ar 2 is : 

i) benzene, 

ii) pyridine, 

iu) benzofurazan, 

iv) tetnalin, 

v) thbphene, 
vQfuran, or 

vii) 2,3-dihydrobenzofuran, 
and wherein s is 1 or 2, and R 3 is : 
i) hydrogen, 

il) aikyl, either unsubstituted or substituted with 

A) -OH, or 

B) -NR*R 5 , wherein R* and R 5 are hydrogen or C^* alkyl, 

no -oh, 

iv) C^3 alkoxy, either unsubstituted or substituted with aBcoxy, 

v) -N(R5)S02(Ct^alkyI). 

vi) -N0 2 , 

vii) -NfRSJCOC^aikyi. 
vfii) -NfRsjCOOfC^alkyl), 
be) halo, 

x) -CO-C^alkyl, 

xi) -CONR«R5 f 
xH)-CH=N-OR*. 

xiii) -CN, or 

xiv) -S(0)nCv^alky) ? wherein n is 0-2. 

6. The compound of Claim 1-5 wherein R 1 and R 2 are independently selected from : 
a) -NO* 

bJ-NHSOafCvealkyl), 
cJ-SO^C^alkyl), 
d) -NHSOrCeH^R*. 
eJ-SOrCeHrR*, 
f) hydrogen, or 

R 1 and R 2 taken together with the Ar 1 group to which they are attached represent 
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or 



The compound of Claim 6 selected from : 

3,4-dihydro-1 4(6-cyano-1 £,3>Wetrahydronaphthalene>2^^ethane^^ 

an-2,4'-piperidine}4-one ; 

3^dihydro-14(6-cyano-1,2A44etra 

opyran-Z4'-piperidineH-oI ; 

3,4^ihydro-1 4(6^yano-1 ,2A4^ 

opyran-2,4'-piperidine] ; 

1 ^(5. 6 J,8-tetrahydro-2-napht^ 'HH>yr 

anop^flbenzimfdazole] ; 

H(53J f 8-tetrahydro-2-naphthaIenecartwnM 

^'(VHJ-pyranop.S-flbenzimidazole] ; 

3/Wihydro-1'H2^enz0fur^^ 

ine]-4-ol ; 

3/Wihydro-3^ethyl-6^ethanesufo 
piperidineH" 0 * * 

3,4^ihydro-1M2K4^anopheny0ethy^^ 
iperidine]-4-one ; 

6^ethanesu]fonarnido-1'-hexyi^yd^ 
3^dihydrt>3^ethyl-6^ethanes^^ 

piperidineH-one ; . roLl 

methanesutfonamide, hK1X6-cyano-1,2 f 3,4-tetrah^ 
benzopyran-2,4'-piperidin}-6-yl]- ; 

cfe or tans-3,4-dihydn>1 '-[(6-cyano-1 t 2A4-tetrahydro-14rydraxy^hm^ 

fonamido-spirol(2H)-1 -benzopyran-2 f 4'.piperidineH-one ; 

4-acetamido-3,4-dihydro-1 '-[(&-cyano-1 £,3/Uetrahydronaphthalene)-2-y^ 

4(2H)-1-benzopyran-2 t 4'-piperfdine] ; 

3>Wihydro-14(6-cyano-1^ 

an-2,4'-ptperklineH-ol ; 

3,4^ihydro-1M(6^rK)-1£3 f 4^ 

an-2 f 4'-plperidine] ; 

H(5,6J,8-tetrahydro-2-rciph^ 

-pyranop t 3-f]ben2im*Klazole] ; , 

H(5A7>tetraWro-2-naph^^ 

dine-4,6'(1 'H)^yranoI£3-f]benzirnkiazoIe] ; 

14(5 f 6J>tetrahydro-2-naphttiaIenecartx> 

-fjbenzimidazole] ; f r . ... 

H(5,6J,8-tetrahydro-2-naphthato 
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)-pyrano&3-qbenzimidazole] ; 

4^cetamldo^ l 4^ihydro-1H(6<yano-1£^ )-2-yf}-6-methanesutfbnyl-€pirD-[(2 

H)-1 -benzopyran-2,4'-prp8ridine] ; 

cis or trans^ ,4^0iyo^14(6^no-1£3,44eta 

spiro[(2H)-1^nzopyrarv2 l 4^iperidine] ; 

3,4-d ihydro- 1 4(6-cyano-1 £3,4-tetrahydronaphthalene^ 

H)-1-benzopyran-2,4'-piperidinel-4-one ; 

3,4-dihydro-1'-t(6-cyano-1 t 2, 3, 44eti^ydronaphthalene}-2-yt]-6^ 

benzopyran-2,4'-piperidinel-4-one ; 

cis or trans- 3,4-dihydro-1 '-[(6-cyano-l , 2, 3, 4^trahydro-l-hydroxy-naphfo^ 
fonamidchspiro[(2H)-1-ben20pyrarv2 f 4'-piperidine] ; 

in the (+) form, the (-) form, or mixtures thereof, and pharmaceutical^ acceptable salts thereof. 

8. The compound of Claim 6 selected from : 
1^^4-cyanophenyl)ethyIH%8'^ihydr^ 
1H2K4-c^nophenyl)eth^2' t 3\7\8'^tr^ 
imidazole ; 

3,4^ihydn>1'Hg^4^anophenyl)ethyQ-^^ 
ne; 

3A<lihydro-1'-hexyi^methanesiJlfon^ ; 
3,4^ihydro-1 '-hextf^methanesulfonai^ 

1 ^exyl-2\3\7^8'4etrahydrD-2^8'^iGxo^^ H>-pyrano[2 t 3-nbenzimidazole] ; 

3,4Kiihydro-1'-g-{benzcfurazan^ 

neH-one ; 

3A^ihydro-1'-[2-{berizofurazan^yO 
inej; 

7\8'-dihydft>-14iexyJ-8'-oxospfro^ 

3Adihydrc~1'^-4iydraxyheptyI)-6^ ; 
3,4^!hydro-1^6^ydraxyhexylH^^ 

3,4nlihydro-r-heptyi-6HTOthanesu^ ; 

3,4Miihydro-1'-I2^4-acetylphenyl)ethyl>6HTietrianesulfonam 

-4-one; 

3 ( 4^ihydro-1Miaxyl-6^ethanesulfbny^^ 
and pharmaceutical^ acceptable salts thereof. 

9. A pharmaceutical formulation comprising a carrier and a therapeutically effective amount of the compound 
of Claim 1. 

10. The use of a compound of Claim 1 for the manufacture of a medicament for treating arrhythmia and/or 
impaired cardiac pump function. 
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